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(54) Sample separating apparatus and method, and substrate manufacture method 



(57) This invention is to provide an apparatus for 
separating a substrate having a porous layer at the po- 
rous layer. A bonded substrate stack (1 01 ) having a po- 
rous layer (101b) is supported by substrate holding por- 
tions (120 : 150) while being rotated. High-speed, high- 
pressure water (jet) is ejected from a nozzle (102), so 
the jet is injected into the bonded substrate stack (101). 
The substrate holding portions (1 20, 1 50) hold the bond- 
ed substrate stack (101) such that the bonded substrate 
stack (101) can expand at its central portion due to the 
pressure of the injected water. This efficiently applies a 
force (separation force) that acts outward from the in- 
side of the bonded substrate stack (101 ). 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 5 

[0001 ] The present invention relates to a sample sep- 
arating apparatus and method : and a substrate manu- 
facturing method and, for example, to an apparatus and 
method of separating a plate-like sample having an in- 
ternal fragile layer at the fragile layer a sample support 
apparatus used in the separating apparatus, and a sub- 
strate manufacturing method using the separating ap- 
paratus. 

DESCRIPTION OF THE RELATED ART 

[0002] A substrate (SOI substrate) having an SOI (Sil- 
icon On Insulator) structure is known as a substrate hav- 
ing a single-crystal Si layer on an insulating layer. A de- 
vice using this SOI substrate has many advantages that 
cannot be achieved by ordinary Si substrates. Examples 
of the advantages are as follows. 

(1) The integration degree can be increased be- 
cause dielectric isolation is easy. 

(2) The radiation resistance can be increased. 

(3) The operating speed of the device can be in- 
creased because the stray capacitance is small. 

(4) No well step is necessary. 

(5) Latch-up can be prevented. 

(6) A completely depleted field-effect transistor can 
be formed by thin film formation. 

[0003] Since an SOI structure has the above various 
advantages, researches have been made on its forma- 
tion method for several decades. 

[0004] As one SOI technology, an SOS (Silicon On 
Sapphire) technology by which Si is heteroepitaxially 
grown on a single-crystal sapphire substrate by CVD 
(Chemical Vapor Deposition) has been known for a long 
time. This SOS technology was once recognized as the 
most matured SOI technology. However the SOS tech- 
nology has not been put into practical use to date be- 
cause, e.g., a large amount of crystal defects are pro- 
duced by lattice mismatch in the interface between the 
Si layer and the underlying sapphire substrate, alumi- 
num that forms the sapphire substrate mixes in the Si 
layer the substrate is expensive, and it is difficult to ob- 
tain a large area. 

[0005] Various SOI technology appeared following 
the SOS technology. For these SOI technologies : vari- 
ous methods have been examined aiming at reducing 
crystal defects or manufacturing cost. There are a meth- 
od of implanting oxygen ions into a substrate to form a 
buried oxide layer a method of bonding two wafers via 
an oxide film and polishing or etching one of the wafers 
to leave a thin single-crystal Si layer on the oxide film, 



and a method of implanting hydrogen ions to a prede- 
termined depth from the surface of an Si substrate hav- 
ing an oxide film, bonding the Si substrate to the other 
substrate, and peeling the latter substrate (the other 
substrate) by a heat treatment while leaving a thin sin- 
gle-crystal Si layer on the oxide film. 
[0006] The present applicant has disclosed a new SOI 
technology in Japanese Patent Laid-Open No. 5-21 338. 
In this technology, a first substrate obtained by forming 
a non-porous single-crystal layer (including a single- 
crystal Si layer) on a single-crystal semiconductor sub- 
strate having a porous layer is bonded to a second sub- 
strate via an insulating layer (Si0 2 ), and the two sub- 
strates are separated from the porous layer to transfer 
the non-porous single-crystal layer to the second sub- 
strate. This technology is advantageous in that the SOI 
layer has high film thickness uniformity, the crystal de- 
fect density in the SOI layer can be decreased, the SOI 
layer has high surface planarity, no expensive special 
fabrication apparatus is necessary, and SOI substrates 
having SOI films about a few hundred — to 10 jam thick 
can be fabricated by the same fabrication apparatus. 
[0007] In addition, the present applicant has disclosed 
another technology in Japanese Patent Laid-Open No. 
7-302589 in which, after the first and second substrates 
described above are bonded, the first substrate is sep- 
arated from the second substrate without breaking, and 
the separated first substrate is reused by smoothening 
the surface and again forming a porous layer. Since the 
first substrate can be economically used, this technolo- 
gy has the advantages that the fabrication cost can be 
largely reduced and the fabrication process is also sim- 
ple. 

[0008] In the above technologies, however, when the 
two bonded substrates are separated it is necessary to 
prevent damages to the substrates and protect the fab- 
rication apparatus and the like from contamination 
caused by the generation of particles. 



[0009] The present invention has been made in con- 
sideration of the above situation, and has as its object 
to provide a separating apparatus and method suitable 
to separate a sample such as a substrate, a sample sup- 
port apparatus used in this separating apparatus, and a 
substrate manufacturing method using the separating 
apparatus. 

[0010] According to the present invention, there is 
provided a separating apparatus for separating a plate- 
like sample having an internal fragile layer at the fragile 
layer, characterized by comprising a jet unit for ejecting 
a fluid to the sample, and a pair of holding portions op- 
posing each other to sandwich and hold the sample, 
wherein the pair of holding portions hold the sample to 
allow the sample to expand at a vicinity of a central por- 
tion due to a pressure of the fluid ejected from the jet 
unit and injected into the sample. 
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[0011] According to the present invention, there is al- 
so provided a separating apparatus for separating a 
plate-like sample having an internal fragile layer at the 
fragile layer characterized by comprising a jet unit for 
ejecting a fluid to the sample, and a pair of holding por- 
tions opposing each other to sandwich and hold the 
sample, wherein the pair of holding portions hold the 
sample which can corrugate due to a pressure of the 
fluid ejected from the jet unit and injected into the sam- 
ple. 

[0012] In the separating apparatus, preferably, at 
least one of the pair of holding portions has a hollow 
contact portion, and the sample is held by bringing the 
contact portion into contact with the sample. The contact 
portion may comprise a multiple of contact portions. 
[0013] In the separating apparatus, preferably at 
least one of the pair of holding portions has an annular 
contact portion, and the sample is held by bringing the 
contact portion into contact with the sample. The contact 
portion may comprise a multiple of contact portions. 
[0014] In the separating apparatus, preferably, at 
least one of the pair of holding portions has one or a 
plurality of stripe-shaped contact portions, and the sam- 
ple is held by bringing the contact portion into contact 
with the sample. 

[0015] In the separating apparatus, preferably, at 
least one of the pair of holding portions has one or a 
plurality of arcuated contact portions, and the sample is 
held by bringing the contact portion into contact with the 
sample. 

[0016] In the separating apparatus, preferably, at 
least one of the pair of holding portions has one or a 
plurality of projecting contact portions on a main body 
surface, and the sample is held by bringing the contact 
portion into contact with the sample. 
[0017] In the separating apparatus, preferably at 
least one of the pair of holding portions has a radial con- 
tact portion, and the sample is held by bringing the con- 
tact portion into contact with the sample. 
[0018] In the separating apparatus, preferably, at 
least one of the pair of holding portions has a contact 
portion which comes into contact with a peripheral por- 
tion of the sample, and the sample is held by bringing 
the contact portion into contact with the sample. Prefer- 
ably the contact portion can contact the whole periph- 
eral portion of the sample. 

[0019] The separating apparatus preferably further 
comprises a rotary mechanism for rotating the holding 
portion about a shaft perpendicular to a surface of the 
sample. 

[0020] The separating apparatus preferably further 
comprises an adjustment mechanism for adjusting an 
interval between the pair of holding portions. 
[0021] In the separating apparatus, preferably, in sep- 
arating the sample by the fluid, the adjustment mecha- 
nism presses the sample to adjust the interval between 
the pair of holding portions. 

[0022] In the separating apparatus, preferably, in sep- 



arating the sample by the fluid, the adjustment mecha- 
nism maintains a substantially constant interval be- 
tween the pair of holding portions. 
[0023] In the separating apparatus, preferably, each 
s of the pair of holding portions has a chuck mechanism 
for vacuum-chucking the sample. 
[0024] The separating apparatus is suitable for 
processing of separating a substrate having a porous 
layer as the fragile layer. 
10 [0025] According to the present invention, there is al- 
so provided a support apparatus for supporting a sam- 
ple, which is used in a separating apparatus for sepa- 
rating a plate-like sample having an internal fragile lay- 
er-at the fragile layer, characterized by comprising a pair 
15 of holding portions opposing each other to sandwich and 
hold the sample, wherein the pair of holding portions 
hold the sample to allow the sample to expand at a vi- 
cinity of a central portion due to a pressure of a fluid 
ejected from a jet unit arranged in the separating appa- 
20 ratus and injected into the sample. 

[0026] According to the present invention, there is al- 
so provided a support apparatus for supporting a sam- 
ple, which is used in a separating apparatus for sepa- 
rating a plate-like sample having an internal fragile layer 
25 at the fragile layer, characterized by comprising a pair 
of holding portions opposing each other to sandwich and 
hold the sample, wherein the pair of holding portions 
hold the sample to allow the sample to corrugate due to 
a pressure of a fluid ejected from a jet unit arranged in 
20 the separating apparatus and injected into the sample. 
[0027] In the support apparatus, preferably, at least 
one of the pair of holding portions has a hollow contact 
portion, and the sample is held by bringing the contact 
portion into contact with the sample. The contact portion 
35 may comprise a multiple of contact portions. 

[0028] In the support apparatus, preferably, at least 
one of the pair of holding portions has an annular contact 
portion, and the sample is held by bringing the contact 
portion into contact with the sample. The contact portion 
40 may comprise a multiple of contact portions. 

[0029] In the support apparatus, preferably, at least 
one of the pair of holding portions has one or a plurality 
of stripe-shaped contact portions, and the sample is 
held by bringing the contact portion into contact with the 
45 sample. 

[0030] In the support apparatus, preferably, at least 
one of the pair of holding portions has one or a plurality 
of arcuated contact portions, and the sample is held by 
bringing the contact portion into contact with the sample. 
so [0031] In the support apparatus, preferably at least 
one of the pair of holding portions has one or a plurality 
of projecting contact portions on a main body surface, 
and the sample is held by bringing the contact portion 
into contact with the sample. 
55 [0032] In the support apparatus, preferably at least 
one of the pair of holding portions has a radial contact 
portion, and the sample is held by bringing the contact 
portion into contact with the sample. 
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[0033] In the support apparatus, preferably : at least 
one of the pair of holding portions has a contact portion 
which comes into contact with a peripheral portion of the 
sample, and the sample is held by bringing the contact 
portion into contact with the sample. Preferably, the con- 
tact portion can contact the whole peripheral portion of 
the sample. 

[0034] The support apparatus preferably further com- 
prises a rotary mechanism for rotating the holding por- 
tion about a shaft perpendicular to a surface of the sam- 
ple. 

[0035] The support apparatus preferably further com- 
prises an adjustment mechanism for adjusting an inter- 
val between the pair of holding portions. 
[0036] In the support apparatus, preferably in sepa- 
rating the sample by the fluid, the adjustment mecha- 
nism presses the sample to adjust the interval between 
the pair of holding portions. 

[0037] In the support apparatus, preferably, in sepa- 
rating the sample by the fluid, the adjustment mecha- 
nism maintains a substantially constant interval be- 
tween the pair of holding portions. 
[0038] In the support apparatus, preferably, each of 
the pair of holding portions has a chuck mechanism for 
vacuum-chucking the sample. 

[0039] The support apparatus is suitable as a support 
apparatus for supporting a substrate having a porous 
layer as the fragile layer during separation processing. 
[0040] According to the present invention, there is al- 
so provided a sample separating method characterized 
by comprising separating a sample having a fragile layer 
using the above separating apparatus. 
[0041] In the separating method, preferably, water is 
used as the fluid to be ejected from the jet unit. 
[0042] According to the present invention, there is al- 
so provided a separating method of separating a sub- 
strate at a porous layer, the substrate being formed by 
bonding a non-porous layer side of a first substrate, in 
which the porous layer and the non-porous layer are se- 
quentially formed on one surface, to a second substrate, 
characterized in that the above separating apparatus is 
used for separation. 

[0043] According to the present invention, there is al- 
so provided a substrate manufacturing method charac- 
terized by comprising the step of bonding a non-porous 
layer side of a first substrate, in which a porous layer 
and the non-porous layer are sequentially formed on 
one surface, to a second substrate, and separating the 
bonded substrates at the porous layer, wherein the 
above separating apparatus is used in the separation 
step. 

[0044] According to the present invention, there is al- 
so provided a separating apparatus for separating a 
plate-like sample having an internal fragile layer at the 
fragile layer, characterized by comprising a jet unit for 
ejecting a fluid to the sample, and a pair of holding por- 
tions opposing each other to sandwich and hold the 
sample, wherein the pair of holding portions allow the 



sample to warp as the sample is divided into two parts 
by a pressure of the fluid ejected from the jet unit and 
injected into the sample and simultaneously limit a warp 
amount. 

5 [0045] In the separating apparatus, preferably, at 
least one of the pair of holding portions has a smooth 
convex support surface, and the sample is held by the 
support surface. 

[0046] In the separating apparatus, the support sur- 
10 face preferably substantially comprises part of a spher- 
ical surface. 

[0047] In the separating apparatus, the support sur- 
face preferably comprises a surface formed by a cone 
with a convex vertex. 
15 [0048] In the separating apparatus, the support sur- 
face preferably substantially comprises a surface 
formed by a frustum of a cone. 

[0049] In the separating apparatus, the support sur- 
face preferably comprises a smooth convex surface 
20 formed by a stack of several frustums. 

[0050] In the separating apparatus, the support sur- 
face preferably comprises a convex surface formed by 
a stack of several columns. 

[0051] In the separating apparatus, at least one of the 
25 pair of holding portions preferably includes an elastic 
member and deforms due to a force inflicted by the sam- 
ple. 

[0052] In the separating apparatus, preferably, at 
least one of the holding portions has a support portion 
oo partially consisting of an elastic material, and the sample 
is held by the support portion. 

[0053] In the separating apparatus, at least one of the 
holding portions preferably has an elastic member at a 
portion which can contact the sample. 

os [0054] In the separating apparatus, at least one of the 
holding portions preferably has an annular support por- 
tion consisting of an elastic member. 
[0055] In the separating apparatus, at least one of the 
holding portions preferably has a support portion cou- 

40 pled to a main body via an elastic member. 

[0056] The separating apparatus preferably further 
comprises a rotary mechanism for rotating the holding 
portion about a shaft perpendicular to a surface of the 
sample. 

45 [0057] The separating apparatus preferably further 
comprises an adjustment mechanism tor adjusting an 
interval between the pair of holding portions. 
[0058] In the separating apparatus, preferably, in sep- 
arating the sample by the fluid, the adjustment mecha- 

so nism presses the sample to adjust the interval between 
the pair of holding portions. 

[0059] In the separating apparatus, preferably, in sep- 
arating the sample by the fluid, the adjustment mecha- 
nism maintains a substantially constant interval be- 
55 tween the pair of holding portions. 

[0060] In the separating apparatus, each of the pair 
of holding portions preferably has a chuck mechanism 
for vacuum-chucking the sample. 
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[0061] The separating apparatus is suitable for 
processing of separating a substrate having a porous 
layer as the fragile layer. 

[0062] According to the present invention, there is al- 
so provided a support apparatus for supporting a sam- 
ple, which is used in a separating apparatus for sepa- 
rating a plate-like sample having an internal fragile layer 
at the fragile layer characterized by comprising a pair 
of holding portions for sandwiching and holding the sam- 
ple, wherein the pair of holding portions allow the sam- 
ple to warp as the sample is divided into two parts by a 
pressure of the fluid ejected from a jet unit arranged in 
the separating apparatus and injected into the sample 
and simultaneously limit a warp amount. 
[0063] In the support apparatus, preferably, at least 
one of the pair of holding portions has a smooth convex 
support surface, and the sample is held by the support 
surface. 

[0064] In the support apparatus, the support surface 
preferably substantially comprises part of a spherical 
surface. 

[0065] In the support apparatus, the support surface 
preferably comprises a surface formed by a cone with 
a convex vertex. 

[0066] In the support apparatus, the support surface 
preferably substantially comprises a surface formed by 
a frustum of a cone. 

[0067] In the support apparatus, the support surface 
preferably comprises a smooth convex surface formed 
by a stack of several frustums. 

[0068] In the support apparatus, the support surface 
preferably comprises a convex surface formed by a 
stack of several columns. 

[0069] In the support apparatus, at least one of the 
pair of holding portions preferably includes an elastic 
member and deforms due to a force inflicted by the sam- 
ple. 

[0070] In the support apparatus, preferably, at least 
one of the holding portions has a support portion par- 
tially consisting of an elastic material, and the sample is 
held by the support portion. 

[0071] In the support apparatus, at least one of the 
holding portions preferably has an elastic member at a 
portion which can contact the sample. 
[0072] In the support apparatus, at least one of the 
holding portions preferably has an annular support por- 
tion consisting of an elastic member. 
[0073] In the support apparatus, at least one of the 
holding portions preferably has a support portion cou- 
pled to a main body via an elastic member. 
[0074] The support apparatus preferably further com- 
prises a rotary mechanism for rotating the holding por- 
tion about a shaft perpendicular to a surface of the sam- 
ple. 

[0075] The support apparatus preferably further com- 
prises an adjustment mechanism for adjusting an inter- 
val between the pair of holding portions. 
[0076] In the support apparatus, preferably, in sepa- 



rating the sample by the fluid, the adjustment mecha- 
nism presses the sample to adjust the interval between 
the pair of holding portions. 

[0077] In the support apparatus, preferably, in sepa- 
5 rating the sample by the fluid, the adjustment mecha- 
nism maintains a substantially constant interval be- 
tween the pair of holding portions. 
[0078] In the support apparatus, each of the pair of 
holding portions preferably has a chuck mechanism for 
10 vacuum-chucking the sample. 

[0079] The support apparatus is suitable as a support 
apparatus for supporting a substrate having a porous 
layer as the fragile layer during separation processing. 
[0080] According to the present invention, there is al- 
*5 so provided a sample separating method characterized 
by comprising separating a sample having a fragile layer 
using the above separating apparatus. 
[0081] In the separating method, water is preferably 
used as the fluid to be ejected from the jet unit. 
20 [0082] According to the present invention, there is al- 
so provided a separating method of separating a sub- 
strate at a porous layer, the substrate being formed by 
bonding a non-porous layer side of a first substrate, in 
which the porous layer and the non-porous layer are se- 
25 quentially formed on one surface, to a second substrate, 
characterized in that the above separating apparatus-is 
used for separation. 

[0083] According to the present invention, there is al- 
so provided a substrate manufacturing method charac- 
oo terized by comprising the step of bonding a non-porous 
layer side of a first substrate, in which a porous layer 
and the non-porous layer are sequentially formed on 
one surface, to a second substrate, and separating the 
bonded substrates at the porous layer, wherein the 
35 above separating apparatus is used in the separation 
step. ; 
[0084] The present invention has been made in con- 
sideration of the above situation, and has as its object 
to provide a separating apparatus and method suitable 
40 to separate a plate-like sample represented by a sub- 
strate such as a bonded substrate stack, and a substrate 
manufacturing method to which the apparatus or meth- 
od is applied. 

[0085] According to the present invention, there is 
45 provided a separating apparatus for separating a plate- 
like sample, characterized by comprising a jet unit for 
ejecting a fluid for separating the sample to the sample, 
and first and second holding portions for sandwiching 
and holding the sample, wherein the first and second 
50 holding portions have holding surfaces with different 
shapes. 

[0086] In the separating apparatus, preferably, the 
first holding portion holds one surface of the sample to 
make a deflection amount of the one surface due to a 
55 pressure of the fluid injected into the sample relatively 
small, and the second holding portion holds the other 
surface of the sample to make a deflection amount of 
the other surface due to the pressure of the fluid rela- 
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tively large. 

[0087] In the separating apparatus, preferably, the 
first holding portion holds one surface of the sample not 
to cause the one surface to deflect due to a pressure of 
the fluid injected into the sample, and the second hold- 
ing portion holds the other surface of the sample to 
cause the other surface to deflect due to the pressure 
of the fluid. 

[0088] In the separating apparatus, the holding sur- 
face of the first holding portion and the holding surface 
of the second holding portion preferably have different 
areas. 

[0089] In the separating apparatus, preferably, the 
first holding portion has a holding surface for wholly 
holding one surface of the sample, and the second hold- 
ing portion has a holding surface for partially holding the 
other surface of the sample. 

[0090] In the separating apparatus, the holding sur- 
face of the first holding portion preferably comprises a 
flat surface. 

[0091] In the separating apparatus, the holding sur- 
face of the first holding portion preferably comprises a 
curved surface. 

[0092] In the separating apparatus, the holding sur- 
face of the second holding portion is preferably annular. 
[0093] In the separating apparatus, prelerably, the 
second holding portion has a plurality of projecting 
members, and the sample is held by tips of the plurality 
of projecting members. 

[0094] In the separating apparatus, the second hold- 
ing portion preferably has a shape allowing the sample 
to deflect while expanding at a central portion on a side 
of the second holding portion due to the pressure of the 
fluid injected into the sample. 

[0095] In the separating apparatus, the second hold- 
ing portion preferably has a shape allowing the sample 
to deflect and corrugate on a side of the second holding 
portion due to the pressure of the fluid injected into the 
sample. 

[0096] The separating apparatus preferably further 
comprises a rotary mechanism for rotating at least one 
of the first and second holding portions about a shaft 
perpendicular to the holding surface to rotate the sam- 
ple. 

[0097] In the separating apparatus, preferably, the 
sample to be processed comprises a substrate formed 
by bonding first and second substrates, and the first and 
second substrates have different strengths. 
[0098] According to the present invention, there is al- 
so provided a separating method of separating a plate- 
like sample, characterized by comprising holding the 
sample by sandwiching the sample by a pair of holding 
portions having holding surfaces with different shapes, 
and ejecting a fluid to a predetermined position in a di- 
rection of thickness of the sample, thereby separating 
the sample. 

[0099] In the separating method, preferably, the sam- 
ple to be separated has an internal fragile layer, and in 



separating the sample, the fluid is ejected to the fragile 
layer. 

[0100] According to the present invention, there is al- 
so provided a separating method of separating a plate- 
s like sample having an internal fragile layer at the fragile 
layer, characterized by comprising the separation step 
of ejecting a fluid to the fragile layer of the sample to 
separate the sample, wherein in the separation step, 
one surface of the sample is held to make a deflection 
amount due to a pressure of the fluid injected into the 
sample relatively small and the other surface of the sam- 
ple is held to make a deflection amount due to the pres- 
sure of the fluid injected into the sample relatively large. 
[0101] According to the present invention, there is al- 
so provided a separating method of separating a plate- 
like sample having an internal fragile layer at the fragile 
layer, characterized by comprising the separation step 
of ejecting a fluid to the fragile layer of the sample to 
separate the sample, wherein in the separation step, 
one surface of the sample is held to limit deflection due 
to a pressure of the fluid injected into the sample and 
the other surface of the sample is held to allow deflection 
due to the pressure of the fluid injected into the sample. 
[0102] The separating method preferably further com- 
prises rotating the sample about a shaft perpendicular 
to a major surface of the sample in separating the sam- 
ple by the fluid. 

[0103] In the separating method, preferably the sam- 
ple to be processed comprises a sample formed by 
bonding first and second substrates, and the first and 
second substrates have different strengths. 
[0104] According to the present invention, there is al- 
so provided a separating method of separating a com- 
posite substrate which has a fragile layer between a first 
substrate having a relatively low strength and a second 
substrate having a relatively high strength, at the fragile 
layer, characterized by comprising the separation step 
of ejecting a fluid to the fragile layer to separate the com- 
posite substrate, wherein in the separation step, the first 
substrate is held to make a deflection amount due to a 
pressure of the fluid injected into the composite sub- 
strate relatively small and the second substrate is held 
to make a deflection amount due to the pressure of the 
fluid injected into the composite substrate relatively 
large. 

[0105] According to the present invention, there is al- 
so provided a separating method of separating a com- 
posite substrate which has a fragile layer between a first 
substrate having a relatively low strength and a second 
substrate having a relatively high strength, at the fragile 
layer, characterized by comprising the separation step 
of ejecting a fluid to the fragile layer to separate the com- 
posite substrate, wherein in the separation step, the first 
substrate is held to limit deflection due to a pressure of 
the fluid injected into the composite substrate and the 
second substrate is held to allow deflection due to the 
pressure of the fluid injected into the composite sub- 
strate. 
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[01 06] According to the present invention, there is al- 
so provided a substrate manufacturing method charac- 
terized by comprising the step of bonding a non-porous 
layer side of a first substrate, in which a porous layer 
and the non-porous layer are sequentially formed on 5 
one surface, to a second substrate, and separating the 
bonded substrates at the porous layer, wherein any one 
of the above separating apparatuses is used in the sep- 
aration step. 

[0107] According to the present invention, there is al- 10 
so provided a substrate manufacturing method charac- 
terized by comprising bonding a non-porous layer side 
of a first substrate, in which a porous layer and the non- 
porous layer are sequentially formed on one surface, to 
a second substrate, and separating the bonded sub- 15 
strates at the porous layer, wherein the separation step 
is executed using any one of the above methods. 
[01 08] According to the present invention, there is al- 
so provided a holding apparatus for holding a sample in 
ejecting a fluid to a predetermined position in a direction 20 
of thickness of the sample to separate the sample, char- 
acterized in that the sample is held by a pair of holding 
portions whose holding surfaces for holding the sample 
have different shapes. 

[0109] Further objects, features and advantages of 25 
the present invention will become apparent from the fol- 
lowing detailed description of embodiments of the 
present invention with reference to the accompanying 
drawings. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0110] 

Figs. 1 A to 1 E are views for explain ing a method of 35 
manufacturing an SOI substrate according to the 
first embodiment of the present invention: 
Fig. 2 is a view showing the schematic arrangement 
of a separating apparatus according to the first em- 
bodiment of the present invention; *o 
Fig. 3 is a perspective view of substrate holding por- 
tions according to the first example of the first em- 
bodiment; 

Fig. 4 is a front view of the substrate holding portion 
according to the first example of the first embodi- 45 
ment; 

Fig. 5 is a sectional view of the substrate holding 
portions according to the first example of the first 
embodiment: 

Fig. 6 is a view showing a modification of the sub- so 
strate holding portion according to the first example 
of the first embodiment: 

Fig. 7 is a view showing another modification of the 
substrate holding portion according to the first ex- 
ample of the first embodiment: 55 
Fig. 8 is a view showing still another modification of 
the substrate holding portion according to the first 
example of the first embodiment: 
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Fig. 9 is a view showing still another modification of 
the substrate holding portion according to the first 
example of the first embodiment: 
Fig. 10 is a front view of a substrate holding portion 
according to the second example of the first embod- 
iment; 

Fig. 11 is a sectional view of the substrate holding 
portions according to the second example of the 
first embodiment: 

Fig. 12 is a perspective view of substrate holding 
portions according to the third example of the first 
embodiment: 

Fig. 1 3 is a perspective view showing a modification 

of the substrate holding portions according to the 

third example of the first embodiment: 

Fig. 14 is a perspective view of substrate holding 

portions according to the fourth example of the first 

embodiment: 

Fig. 1 5 is a perspective view showing a modification 

of the substrate holding portions according to the 

fourth example of the first embodiment; 

Fig. 16 is a perspective view of substrate holding 

portions according to the fifth example of the first 

embodiment; 

Fig. 17 is a front view of the substrate holding por- 
tion according to the fifth example of the first em- 
bodiment: 

Fig. 18 is a perspective view of substrate holding 
portions according to the sixth example of the first 
embodiment: 

Fig. 1 9 is a front view of the substrate holding por- 
tion according to the sixth example of the first em- 
bodiment: 7 
Fig. 20 is a perspective view showing a modification 
of the substrate holding portions according to the 
sixth example of the first embodiment; 
Fig. 21 is a perspective view showing another mod- 
ification of the substrate holding portions according 
to the sixth example of the first embodiment: 
Fig. 22 is a perspective view showing still another 
modification of the substrate holding portions ac- 
cording to the sixth example of the first embodi- 
ment: 

Fig. 23 is a perspective view showing still another 
modification of the substrate holding portions ac- 
cording to the sixth example of the first embodi- 
ment; 

Fig. 24 is a perspective view showing still another 
modification of the substrate holding portions ac- 
cording to the sixth example of the first embodi- 
ment; 

Fig. 25 is a sectional view of substrate holding por- 
tions according to the seventh example of the first 
embodiment; 

Fig. 26 is a sectional view of the substrate holding 
portions according to the seventh example of the 
first embodiment; 

Figs. 27A and 27B are views showing a force acting 
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on a bonded substrate stack in the presence and 
absence of a V-shaped groove: 
Fig. 28 is a view showing the schematic arrange- 
ment of a separating apparatus according to the 
second embodiment of the present invention: £ 
Fig. 29 is a perspective view of substrate holding 
portions according to the first example of the sec- 
ond embodiment; 

Fig. 30 is a sectional view of the substrate holding 
portions according to the first example of the sec- w 
ond embodiment; 

Fig. 31 is a sectional view of the substrate holding 
portions according to the first example of the sec- 
ond embodiment: 

Fig. 32 is a sectional view showing a modification 1$ 
of the substrate holding portions according to the 
first example of the second embodiment; 
Fig. 33 is a sectional view showing another modifi- 
cation of the substrate holding portions according 
to the first example of the second embodiment: 20 
Fig. 34 is a sectional view showing still another 
modification of the substrate holding portions ac- 
cording to the first example of the second embodi- 
ment; 

Fig. 35 is a sectional view showing stil! another 2s 
modification of the substrate holding portions ac- 
cording to the first example of the second embodi- 
ment: 

Fig. 36 is a sectional view showing a modification 
of substrate holding portions according to the sec- 00 
ond example of the second embodiment: 
Fig. 37 is a sectional view showing another modifi- 
cation of the substrate holding portions according 
to the second example of the second embodiment: 
Fig. 38 is a sectional view showing still another 35 
modification of the substrate holding portions ac- 
cording to the second example of the second em- 
bodiment: 

Fig. 39 is a sectional view showing still another 
modification of the substrate holding portions ac- 40 
cording to the second example of the second em- 
bodiment: 

Fig. 40 is a sectional view showing still another 
modification of the substrate holding portions ac- 
cording to the second example of the second em- 4 $ 
bodiment: 

Figs. 41 A to 41 E are views showing for explaining 
another method of manufacturing an SOI substrate 
according to the preferred embodiment of the 
present invention; so 
Fig. 42 is a view showing the schematic arrange- 
ment of a separating apparatus according to the 
third embodiment of the present invention; 
Fig. 43 is a perspective view of part of the separat- 
ing apparatus shown in Fig. 42; 55 
Fig. 44 is a view schematically showing separation 
processing; 

Fig. 45 is a view showing the schematic arrange- 



ment of a separating apparatus of the first modifi- 
cation: 

Fig. 46 is a view showing the schematic arrange- 
ment of substrate holding portions of a separating 
apparatus of the second modification; 
Fig. 47 is a view showing the schematic arrange- 
ment of a substrate holding portion (on the first sub- 
strate side) of the third modification; and 
Fig. 48 is a view showing the schematic arrange- 
ment of the other substrate holding portion (on the 
second substrate side) of the third modification. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0111] Preferred embodiments of the present inven- 
tion will be described below with reference to the accom- 
panying drawings. 

[011 2] Figs. 1 A to 1 E are views for explaining a meth- 
od of manufacturing an SOI substrate according to a 
preferred embodiment of the present invention. 
[0113] Referring to Fig. 1A. a single-crystal Si sub- 
strate 1 1 is prepared, and a porous Si layer 1 2 is formed 
on the surface of the single-crystal Si substrate 11 by 
anodizing. Referring to Fig. 1B : a non-porous single- 
crystal Si layer 13 is epitaxially grown on the porous Si 
layer 12. With this process : a first substrate 1 0 is formed. 
[0114] Referring to Fig. 1C ; a second substrate 20 
having an insulating layer (e.g., an Si0 2 layer) 15 
formed on the surface of a single -crystal Si substrate 1 4 
is prepared. The first substrate 10 and the second sub- 
strate 20 are brought into contact with each other at 
room temperature such that the non-porous single-crys- 
tal Si layer 1 3 opposes the insulating layer 1 5. After this, 
the first substrate 10 and the second substrate 20 are 
bonded by anode bonding, pressing, heating, or a com- 
bination thereof. With this process, the non-porous sin- 
gle-crystal Si layer 13 and the insulating layer 15 are 
firmly bonded. The insulating layer 15 may be formed 
on the single-crystal Si substrate 14 side, as described 
above, on the non-porous single-crystal Si layer 13 as 
will be described later, or on both the single-crystal Si 
substrate 14 and the non-porous single-crustal Si layer 
1 3 sides as far as the state shown in Fig. 1 C is obtained 
by bringing the first and second substrates into contact. 
[011 5] Referring to Fig. 1 D, the two substrates bond- 
ed to each other are separated at the porous Si layer 
12. The second substrate side (10" + 20) has a multi- 
layered structure of a porous Si layer 12", single-crystal 
Si layer 1 3, insulating layer 1 5 : and single-crystal Si sub- 
strate 14. On the first substrate side (10'), a porous Si 
layer 1 2' is formed on the single-crystal Si substrate 1 1 . 
[011 6] After separation, the remaining porous Si layer 
12' is removed from the substrate 10'. The surface of 
the substrate 10' is planarized, as needed, so the sub- 
strate 10' is used again as a single-crystal Si substrate 
11 for forming a first substrate 10. 
[0117] After the bonded substrate stack is separated, 
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in Fig. IE, the porous layer 12" on the second substrate 
side (10" + 20) is selectively removed. With this process, 
a substrate having a multilayered structure of the single- 
crystal Si layer 1 3, insulating layer 1 5, and single-crystal 
Si substrate 14, i.e., an SOI structure is obtained. 
[0118] Figs. 41 A to 41 E are views for explaining an- 
other method of manufacturing an SOI substrate ac- 
cording to the preferred embodiment of the present in- 
vention. 

[0119] Referring to Fig. 41 A, a single-crystal Si sub- 
strate 1 1 is prepared, and a porous Si layer 1 2 is formed 
on the surface of the single-crystal Si substrate 11 by 
anodizing. Referring to Fig. 41 B, a single-crystal Si layer 
1 3 as a non-porous layer is epitaxially grown on the po- 
rous Si layer 1 2. After this, the surface of the single-crys- 
tal Si layer 13 is oxidized to form an Si0 2 layer 15. With 
this process, a first substrate 10 is formed. 
[0120] Referring to Fig. 41 C, a single-crystal Si sub- 
strate 14 is prepared as a second substrate 20. The first 
substrate 10 and the second substrate 20 are brought 
into contact with each other at room temperature such 
that the Si0 2 layer 15 of the first substrate 10 opposes 
the second substrate 20. The first substrate 10 and the 
second substrate 20 are bonded by anode bonding, 
pressing, heating, or a combination thereof. With this 
process, the second substrate 20 and the Si0 2 layer 1 5 
are firmly bonded. The Si0 2 layer 1 5 may be formed on 
the single-crystal Si substrate 11 side, on the second 
substrate 20, as described above, or on both the single- 
crystal Si substrate 11 and the second substrate 20 
sides as far as the state shown in Fig. 41 C is obtained 
by bringing the first and second substrates into contact. 
[0121] Referring to Fig. 41 D, the two substrates bond- 
ed to each other are separated at the porous Si layer 
12. The second substrate side has a multilayered struc- 
ture of a porous Si layer 12", single-crystal Si layer 13, 
Si0 2 layer 1 5, and single-crystal Si substrate 1 4. On the 
first substrate 1 0' side, the porous Si layer 1 2" is formed 
on the single-crystal Si substrate 11. 
[0122] After separation, the remaining porous Si layer 
12' is removed from the substrate 10'. The surface of 
the substrate 10' is planarized, as needed, so the sub- 
strate 10' is used again as a single-crystal Si substrate 
11 for forming a first substrate 10. 
[01 23] After the bonded substrate stack is separated, 
in Fig. 41 E, the porous layer 1 2" on the second substrate 
side (10" + 20) is selectively removed. With this process, 
a substrate having a multilayered structure of the single- 
crystal Si layer 1 3, insulating layer 1 5, and single-crystal 
Si substrate 14, i.e., an SOI structure is obtained. 
[01 24] As the second substrate, in addition toa single- 
crystal Si substrate, an insulating substrate (e.g., a sub- 
strate of silica glass) or a transparent substrate (e.g., a 
substrate of silica glass) can be used. 
[0125] In this embodiment, to facilitate processing of 
bonding two substrates and separating them, a porous 
Si layer 12 having a fragile structure is formed in the 
separation region. In place of the porous layer, a micro- 



cavity layer may be formed. A microcavity layer can be 
formed by, e.g., implanting ions into a semiconductor 
substrate. 

[0126] The substrate manufactured by the above 
5 manufacturing method can be applied not only to man- 
ufacture a semiconductor device but also to manufac- 
ture a microstructure. 

[0127] In this embodiment, in the step shown in Fig. 
1D or 41 D, i.e., in the step of separating the two sub- 

10 strates bonded to each other (to be referred to as a 
bonded substrate stack hereinafter), a separating appa- 
ratus for selectively ejecting a high-pressure liquid or 
gas (fluid) to the porous Si layer as a separation region 
is used to separate the substrate stack into two sub- 

15 strates at the separation region. 

[First Embodiment] 

[Basic Arrangement of Separating Apparatus] 

20 

[0128] This separating apparatus uses the water jet 
method. Generally, the water jet method ejects a high- 
speed, high-pressure stream of water (when a hard ob- 
ject is to be cut, an abrasive is added to water) upon an 
25 object to, e.g., cut or process a ceramic, a metal, a con- 
crete, a resin, a rubber, or a wood member, remove a 
coating film from the surface, or clean the surface ("Wa- 
ter Jet", Vol. 1,'No. 1, page 4. (1984)). Conventionally, 
the water jet method is used lo perform the above-de- 
30 scribed cutting, processing, remove a coating film, or 
clean the surface mainly by partially removing the ma- 
terial. 

[0129] This separating apparatus ejects a high- 
speed, high-pressure stream of fluid to the porous layer 
35 (separation region) of the bonded substrate stack as a 
fragile structure portion in the direction of substrate sur- 
face to selectively break the porous layer, thereby sep- 
arating the substrate at the porous layer. The stream will 
be referred to as a "jet" hereinafter. The fluid forming a 
40 jet will be referred to as a "jet medium". As the jet me- 
dium, it is possible to use an organic solvent such as 
water or alcohol, an acid such as fluoric acid or nitric 
acid, an alkali such as potassium hydroxide, a gas such 
as air, nitrogen gas, carbonic acid gas, rare gas, or an 
45 etching gas, or a plasma. 

[0130] When this separating apparatus is to be ap- 
plied to manufacture a semiconductor device, e.g., sep- 
arate a bonded substrate stack, pure water with mini- 
mum impurity metals or particles is preferably used as 
50 the jet medium. However, since separation processing 
is a perfect low-temperature process, water with high 
purity need not always be used as the jet medium, and 
the substrate may be cleaned after completion of sepa- 
ration processing. 
55 [01 31 ] In this separating apparatus, a jet is ejected to 
the porous layer (separation region) exposed to the side 
surface of the bonded substrate stack, thereby remov- 
ing the porous layer from the peripheral portion to the 
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central portion. With this process : the bonded substrate 
stack is separated into two substrates by removing only 
the separation region with low mechanical strength with- 
out damaging the main body. Even when the side sur- 
face of the bonded substrate stack is covered with some 
thin layer and the porous layer is not exposed, the thin 
layer can be removed by the jet, so the bonded substrate 
stack can be separated by the above-described method. 
[0132] To separate the bonded substrate stack only 
by the cutting force of jet, a high pressure of several 
thousand kgf/cm 2 or more must be applied to the jet me- 
dium. In this case : the outer peripheral portion of the 
bonded substrate stack may be damaged, orthe internal 
pressure of the separation region may increase to break 
the bonded substrate stack. 

[0133] To avoid this situation, the pressure to be ap- 
plied to the jet medium is preferably set to be as low as 
about 500 kgf/cm 2 . When such a low-pressure jet is em- 
ployed, the bonded substrate stack is separated by in- 
jecting the jet medium into the bonded substrate stack 
to expand and split it into two substrates rather than by 
colliding the jet against the porous layer to cut the po- 
rous layer by impact. Therefore, offcut is rarely pro- 
duced, and damages to substrates decrease. In addi- 
tion, the jet medium need contain no abrasive. 
[0134] At the peripheral portion of the bonded sub- 
strate stack, the effect for splitting the bonded substrate 
stack into two substrates effectively acts when a V- 
shaped (concave) groove is formed in the bonded sub- 
strate stack along the side surface. Figs. 27A and 27B 
are views showing a force acting on the bonded sub- 
strate stack in the presence and absence of a V-shaped 
groove. Fig. 27A shows a bonded substrate stack hav- 
ing a V-shaped groove 22. Fig. 27B shows a bonded 
substrate stack having no V-shaped groove. 
[01 35] As shown in Fig. 27A, in the bonded substrate 
stack having the V-shaped groove 22, a force (to be re- 
ferred to as a separation force hereinafter) is applied 
outward from the center of the bonded substrate stack, 
as indicated by an arrow 23. On the other hand, as 
shown in Fig. 27B, in the bonded substrate stack with a 
convex side surface, a force is applied inward from the 
side surface of the bonded substrate stack, as indicated 
by an arrow 24. In the bonded substrate stack having a 
convex side surface, the separation force does not act 
unless the side surface of the porous layer 12 as the 
separation region is removed by a jet 21 . 
[01 36] Even when a thin film is formed on the side sur- 
face of the bonded substrate stack, the separation force 
acts on the bonded substrate stack as far as the bonded 
substrate stack has the V-shaped groove 22, as shown 
in Fig. 27A. so the thin layer can be easily broken. 
[01 37] To prevent damages to the substrates, the sep- 
aration force in the axial direction of the bonded sub- 
strate stack is preferably set to be several hundred gf/ 
cm 2 . 

[01 38] To effectively use the jet, a width W1 of the V- 
shaped groove 22 is preferably equal to or larger than 



a diameter d of the jet 21. For example, assume that 
each of the first substrate (10) and the second substrate 
(20) has a thickness of about 1 mm, and the bonded 
substrate stack has a thickness of about 2 mm. Since 

5 the width W1 of the V-shaped groove 22 is normally 
around 1 mm, the diameter of the jet is preferably 1 mm 
or less. Since a general water jet apparatus uses a jet 
with a diameter of approximately 0. 1 to 0.5 mm, such a 
general water jet apparatus (e.g. , a water jet nozzle) can 

10 be used. 

[01 39] The nozzle for ejecting a jet can have not only 
a circular shape but any other shapes. For example, 
when a slit-like nozzle is employed to eject a jet having 
a long rectangular section, the jet can be efficiently in- 
75 jected into the separation region (inserted between the 
two substrates). 

[0140] The jet ejection conditions are determined in 
accordance with the type of separation region (e.g., a 
porous layer) or the shape of the side surface of the 

20 bonded substrate stack. Important parameters as the jet 
ejection conditions are the pressure applied to the jet 
medium, the jet scanning speed, the width or diameter 
of the nozzle (the nozzle diameter is almost the same 
as the jet diameter), the nozzle shape, the distance be- 

25 tween the nozzle and the separation region, and the flow 
rate of the jet medium. 

[0141] The following techniques are used to separate 
the bonded substrate stack. 1) The jet is injected into 
the bonding interface parallel to the bonding interface 

oo v/hile the nozzle is scanned along the bonding interface. 
2) The jet is injected into the bonding interface parallel 
to the bonding interface while the bonded substrate 
stack is scanned. 3) The jet is injected into the bonding 
interface parallel to the bonding interface and simulta- 

3S neously scanned in a fan shape at a pivot near the noz- 
zle. 4) The jet is injected into the bonding interface par- 
allel to the bonding interface while the bonded substrate 
stack is rotated about nearly the center of the bonded 
substrate stack (this technique is particularly effective 

40 when the bonded substrate stack has a disk shape). The 
jet need not always be ejected to be perfectly parallel to 
the bonding interface. 

[0142] Fig. 2 is a view showing the schematic ar- 
rangement of a separating apparatus according to the 

45 first embodiment of the present invention. To separate 
a bonded substrate stack by a low-pressure jet, a sep- 
arating apparatus 100 supports the bonded substrate 
stack such that the separation force efficiently acts on 
the bonded substrate stack. As a specific example, the 

so separating apparatus 1 00 supports a bonded substrate 
stack such that the bonded substrate stack can expand 
at its central portion by the pressure of the jet medium 
injected into the bonded substrate stack. As another ex- 
ample, the separating apparatus 100 supports a bonded 

55 substrate stack such that the bonded substrate stack 
can corrugate by the pressure of the jet medium injected 
into the bonded substrate stack. 

[0143] The separating apparatus 100 has substrate 
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holding portions 120 and 150 having vacuum chuck 
mechanisms. A bonded substrate stack 101 is sand- 
wiched by the substrate holding portions 120 and 150 
and held. The bonded substrate stack 101 has a porous 
layer 1 01 b as an internal fragile structure and is sepa- s 
rated into two substrates 101a and 101c at the porous 
layer 101b by the separating apparatus 100. In this sep- 
arating apparatus 100 ; the bonded substrate stack is set 
such that the substrate 101a is placed on the first sub- 
strate (10') side in Fig 1Dor41Dand the substrate 101c 
is placed on the second substrate (10" + 20) side in Fig. 
1Dor 41 D. 

[0144] The substrate holding portions 120 and 150 
are present on the same rotary axis. The substrate hold- 
ing portion 120 is coupled to one end of a rotary shaft 
104 which is rotatably axiaily supported by a support 
base 109 through a bearing 108. The other end of the 
rotary shaft 104 is coupled to the rotary shaft of a motor 
110. The rotational force generated by the motor 110 
rotates the bonded substrate stack 101 vacuum- 
chucked by the substrate holding portion 120. In sepa- 
rating the bonded substrate stack 101 , the motor 110 
rotates the rotary shaft 104 at a designated rotation 
speed in accordance with an instruction from a controller 
(not shown). 

[0145] The substrate holding portion 150 is coupled 
to one end of a rotary shaft 103 which is rotatably and 
slidably axiaily supported by the support base 109 
through a bearing 111. The other end of the rotary shaft 
1 03 is coupled to an air cylinder 1 1 2 fixed on the support 
base 109. When the air cylinder 112 pushes the rotary 
shaft 103, the bonded substrate stack 101 is pressed by 
the substrate holding portion 150. 
[0146] The substrate holding portions 120 and 150 
can be detached from the rotary shafts 104 and 103, 
respectively. The substrate holding portions 120 and 
150 have one or a plurality of suction holes 181 and 162 
as vacuum chuck mechanism, respectively. The suction 
holes 181 and 182 communicate with rotary seal por- 
tions 104a and 103a through the rotary shafts 104 and 
103. respectively. The rotary seal portions 104a and 
103a are coupled to vacuum lines 104b and 103b : re- 
spectively. These vacuum lines 1 04b and 1 03b have so- 
lenoid valves. By controlling the solenoid valves, setting/ 
removal of the bonded substrate stack 101 can be con- 
trolled. 

[0147] The substrate holding portions 120 and 150 
hold the bonded substrate stack 101 such that the sep- 
aration force efficiently acts on the bonded substrate 
stack 101 in separation processing. Specific arrange- 
ments of the substrate holding portions 1 20 and 1 50 will 
be described later. 

[0148] Substrate separation processing using this 
separating apparatus 100 will be described below. 
[0149] To set the bonded substrate stack 101 in the 
separating apparatus 100 : first, the rotary shaft 103 is 
retracted by the air cylinder 11 2 to set a predetermined 
interval between the chucking surfaces of the substrate 



holding portions 120 and 150. After the bonded sub- 
strate stack 101 is mounted on an alignment shaft 113, 
the air cylinder 112 pushes the rotary shaft 103, so the 
bonded substrate stack 101 is pressed and held (the 
state shown in Fig. 2). The alignment shaft 113 is rotat- 
ably axiaily supported by the support base 109 through 
bearings 105 and 107. 

[0150] In this embodiment, the bonded substrate 
stack 101 is held not by vacuum chucking but by the 
pressing force of the air cylinder 1 1 2. The pressing force 
is preferably about 1 00 to 2000gf . The bonded substrate 
stack 101 may be vacuum-chucked, as a matter of 
course. In separation processing, the air cylinder 112 is 
preferably controlled to maintain a predetermined inter- 
val between the substrate holding portions 1 20 and 1 50. 
[0151] A jet medium (e.g., water) is sent from a pump 
114 to a nozzle 102, and processing waits until the jet 
ejected from the nozzle 1 02 stabilizes. When the jet sta- 
bilizes, a shutter 106 is opened to inject the jet into the 
separation region of the bonded substrate stack 101 . At 
this time, the bonded substrate stack 101 is rotated by 
the motor 110. The rotary shaft 104, substrate holding 
portion 120, bonded substrate stack 101, substrate 
holding portion 150, and rotary shaft 103 integrally ro- 
tate. 

[0152] When the jet is injected, a separation force due 
to the pressure of the jet medium continuously injected 
into the porous layer 101b as a fragile structure acts on 
the bonded substrate stack 1 01 to break the porous lay- 
er 101b which connects the substrates 101a and 101c. 
With this processing, the bonded substrate stack 101 is 
separated into two substrates in about 2 min. 
[0153] When the bonded substrate stack 101 is sep- 
arated into two substrates, the shutter 1 06 is closed, and 
the operation of pump 1 1 4 is stopped. By stopping rota- 
tion of the motor 110 and controlling the above-de- 
scribed electromagnetic valves, the separated sub- 
strates are vacuum-chucked by the substrate holding 
portions 1 20 and 1 50. 

[0154] When the air cylinder 112 retracts the rotary 
shaft 103. the surface tension of the jet medium (e.g., 
water) is cut off to split the two physically separated sub- 
strates to both sides. 

[0155] When the separation force is to efficiently act 
on the bonded substrate stack 101 , the structure of the 
substrate holding portions 120 and 150 must be opti- 
mized. In this embodiment, the separation force is effi- 
ciently used by ensuring a space in which the bonded 
substrate stack deflects in separation processing. Pref- 
erable arrangements of substrate holding portions will 
be listed below. In the following examples, the substrate 
holding portions 1 20 and 1 50 have a symmetrical struc- 
ture. However, the substrate holding portions 120 and 
150 may have independent structures. 

[First Example of Substrate Holding Portion] 

[0156] Figs. 3 to 5 are views showing the arrangement 
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of substrate holding portions according to the first ex- 
ample of the present invention. Fig. 3 is a perspective 
view, Fig. 4 is a front view : and Fig. 5 is a sectional view. 
Substrate holding portions 121 and 151 shown in Figs. 
3 to 5 are examples of the substrate holding portions 

120 and 150 shown in Fig. 2, respectively. 

[0157] The substrate holding portions 121 and 151 of 
the first example have annular contact portions 121a 
and 1 51a which come into contact with the bonded sub- 
strate stack 101. With this structure, the bonded sub- 
strate stack 101 can deflect having "nodes" at a portion 
sandwiched by the contact portions 1 21 a and 151a and 
"antinodes" near the central and peripheral portions of 
the bonded substrate stack 1 01 . In other words, the sub- 
strate holding portions 121 and 151 have a structure in 
which the central portion of the bonded substrate stack 
101 can expand in separation processing or a structure 
in which the bonded substrate stack 101 can corrugate 
in separation processing. When the substrate holding 
portions 121 and 151 having this structure are em- 
ployed, the separation force can efficiently act inside the 
bonded substrate stack 101. 

[0158] With the use of the substrate holding portions 

121 and 151, separation progresses from the side sur- 
face portion of the bonded substrate stack 101 to the 
vicinity of the contact portions 121a and 151a in about 
30 sec after the start of jet injection into the bonded sub- 
strate stack 101 (separation processing). In about 2 min 
after the start of separation processing, the bonded sub- 
strate stack 101 warps outward at its central portion to 
form "antinodes" and is completely separated. 
[0159] The outer diameter of each of the contact por- 
tions 121a and 151a is preferably e.g., 30 to 50 mm. 
The inner diameter of each of the contact portions 121a 
and 151a can be smaller than the outer diameter by e. 
g. : approximately 10 mm. However for easy deflection 
of the substrate stack to be separated, the inner diam- 
eter of each of the contact portions 121a and 151a is 
preferably close to the outer diameter. 

[0160] Any other substrate holding portion can pro- 
vide the same effect as described above as far as it al- 
lows the bonded substrate stack 101 to deflect forming 
"nodes" and "antinodes". Figs. 6 to 9 are front views 
showing modifications of the substrate holding portion 
according to the first example. Reference numerals 
122a, 152a, 123a, 153a : 124a, 154a, 125a, and 155a 
denote contact portions at which the substrate holding 
portions are in contact with the bonded substrate stack 
101. Figs. 5 to 6 show examples of a contact portion 
having a polygonal shape with a hollow center. Fig. 9 
shows an example of contact portion whose center is 
shifted from the center of the bonded substrate stack 
101. These are examples of a stripe-shaped contact 
portion. 

[Second Example of Substrate Holding Portionj 

[01 61 ] Fig. 1 0 and 1 1 are views showing the arrange- 



ment of substrate holding portions according to the sec- 
ond example of the present invention. Fig. 10 is a front 
view : and Fig. 11 is a sectional view. Substrate holding 
portions 126 and 156 shown in Figs. 10 and 11 are ex- 
s amples of the substrate holding portions 120 and 150 
shown in Fig. 2, respectively. 

[0162] The substrate holding portion 126 of this ex- 
ample has two annular contact portions 1 26a and 1 26b 
which come into contact with the bonded substrate stack 

10 101. The substrate holding portion 1 56 has two annular 
contact portions 1 56a and 1 56b which come into contact 
with the bonded substrate stack 101. The substrate 
holding portions 126 and 156 of this example are par- 
ticularly suitable to process a substrate stack with a 

is large size (e.g., 3 inches or more). 

[0163] With these substrate holding portions 126 and 
156, the bonded substrate stack 101 can deflect having 
"nodes" at a circumferential portion sandwiched by the 
contact portions 126a and 156a and a portion sand- 

20 wiched by the contact portions 1 26b and 1 56b : and "an- 
tinodes" near the intermediate portion between the con- 
tact portions and the peripheral portion of the bonded 
substrate stack 101 . 

[0164] When the substrate holding portions 126 and 
25 156 having a structure in which the bonded substrate 
stack 101 deflects while corrugating or expanding near 
the central portion are employed, the separation force 
can efficiently act inside the bonded substrate stack 
101. 

do [0165] With the use of the substrate holding portions 
126 and 156, separation progresses from the side sur- 
face of the bonded substrate stack 1 01 to the vicinity of 
the outer contact portions 126a and 156a in about 30 
sec after the start of jet injection into the bonded sub- 

35 strate stack 101 (separation processing). In about 30 
sec after this, the bonded substrate stack 101 is sepa- 
rated to the outer contact portions 126b and 156b. In 
about 3 min after the start of separation processing, the 
bonded substrate stack 101 warps to form "nodes" and 

40 "antinodes" and is completely separated. 

[0166] The widths of the contact portions (diameter 
difference) can be arbitrarily determined. However for 
easy deflection of the substrate stack to be separated, 
the width of each contact portion is preferably small. 

45 [0167] In this example, two sets of contact portions 
are formed. However, three or more sets of contact por- 
tions may be arranged. 

[Third Example of Substrate Holding Portion] 

50 

[0168] Fig. 12 is a perspective view showing the ar- 
rangement of substrate holding portions according to 
the third example of the present invention. Substrate 
holding portions 127 and 157 shown in Fig. 12 are ex- 
55 amples of the substrate holding portions 120 and 150 
shown in Fig. 2, respectively. 

[0169] The substrate holding portions 127 and 157 of 
this example have a plurality of contact portions 127a 



50 



12 

BNSDOCID: <EP 0925888 A1_L> 



23 



EP 0 925 888 A1 



24 



and 1 57a which come into contact with the bonded sub- 
strate stack 101, respectively. Stated differently, this 
structure has annular contact portions 121a and 151a 
of the first example with grooves 127b and 157b which 
divide the contact portions 121a and 151 a, respectively. 
[0170] The grooves 127b and 157b prevent the sep- 
aration force from excessively acting in the vicinity of the 
central portion of the bonded substrate stack 101. More 
specifically, when the grooves 127b and 157b are 
formed, the jet medium injected into the central portion 
of the bonded substrate stack 101 can be appropriately 
discharged, so the jet medium pressure can be prevent- 
ed from excessively increasing near the vicinity of the 
central portion. Therefore, the bonded substrate stack 
101 can be prevented from breaking because of a por- 
tion of the porous layer, where the mechanical strength 
is locally high and separation progresses slowly. 
[0171] With the use of the substrate holding portions 
127 and 157, separation progresses from the side sur- 
face of the bonded substrate stack 1 01 to the vicinity of 
the contact portions 1 27a and 1 57a in about 30 sec after 
the start of jet injection into the bonded substrate stack 
101 (separation processing). In about 2 min after the 
start of separation processing, the bonded substrate 
stack 101 warps outward at its central portion to form 
"antinodes" and is completely separated. 
[0172] Fig. 1 3 is a perspective view showing a modi- 
fication of the substrate holding portions shown in Fig. 
12. Substrale holding portions 128 and 153 shown in 
Fig. 13 are examples of the substrate holding portions 
120 and 150 shown in Fig. 2, respectively. 
[0173] The substrate holding portion 128 of this mod- 
ification has a plurality of columnar contact portions 
128a forming a circle on a main body 128b. The sub- 
strate holding portion 158 has the same arrangement 
as that of the substrate holding portion 128. With the 
substrate holding portions 128 and 158 as well, the jet 
medium pressure can be prevented from excessively in- 
creasing inside the bonded substrate stack 101, so the 
bonded substrate stack 101 can be prevented from 
breaking. 

[Fourth Example of Substrate Holding Portion] 

[0174] Fig. 14 is a perspective view showing the ar- 
rangement of substrate holding portions according to 
the fourth example of the present invention. Substrate 
holding portions 129 and 159 shown in Fig. 14 are ex- 
amples of the substrate holding portions 1 20 and 1 50 
shown in Fig. 2, respectively. 

[0175] The substrate holding portion 129 of this ex- 
ample has two types of arcuated contact portions 1 29a 
and 1 29c which come into contact with the bonded sub- 
strate stack 101. To put it differently, the structure has 
the annular contact portions 126a and 126b of the sec- 
ond example with grooves 128b and 128d which divide 
the contact portions 126a and 126b, respectively. The 
substrate holding portion 159 has the same arrange- 



ment as that of the substrate holding portion 129. 
[0176] With the use of the substrate holding portions 
129 and 159, separation progresses from the side sur- 
face of the bonded substrate stack 101 to the vicinity of 

5 the outer contact portion 1 29a in about 30 sec after the 
start of jet injection into the bonded substrate stack 101 
(separation processing). In about 30 sec after this, the 
bonded substrate stack 101 is separated to the vicinity 
of the inner contact portion 129c. In about 3 min after 

10 the start of separation processing, the bonded substrate 
stack 101 is completely separated while corrugating to 
form "nodes" and "antinodes". 

[0177] By forming grooves 129b and 129d in the ar- 
cuated contact portions 129a and 129c, respectively 

15 (this also applies to the substrate holding portion 159), 
the jet medium pressure can be prevented from exces- 
sively increasing inside the bonded substrate stack 101. 
Hence, the bonded substrate stack 101 can be prevent- 
ed from breaking because of a portion of the porous lay- 

20 er, where the mechanical strength is locally high and 
separation progresses slowly. 

[0178] Fig. 15 is a perspective view showing a modi- 
fication of the substrate holding portions shown in Fig. 
14. Substrate holding portions 130 and 160 shown in 

25 Fig. 15 are examples of the substrate holding portions 
120 and 150 shown in Fig. 2, respectively. 
[0179] The substrate holding portion 1 30 of this mod- 
ification has a plurality of columnar contact portions 
130a forming double circles on a main body 130b. The 

30 substrate holding portion 160 has the same arrange- 
ment as that of the substrate holding portion 1 30. With 
the substrate holding portions 130 and 160 as well,' the 
jet medium pressure can be prevented from excessively 
increasing inside the bonded substrate stack 101 , so the 

35 bonded substrate stack 101 can be prevented from 
breaking. 

[Fifth Example of Substrate Holding Portion] 

40 [0180] Figs. 16 and 17 are views showing the ar- 
rangement of substrate holding portions according to 
the fifth example of the present invention. Fig. 16 is a 
perspective view, and Fig. 17 is a front view. Substrate 
holding portions 131 and 161 shown in Figs. 16 and 17 

45 are examples of the substrate holding portions 1 20 and 
150 shown in Fig. 2, respectively. 
[0181] The substrate holding portions 131 and 161 of 
this modification has a plurality of columnar contact por- 
tions 131a and 161a on main bodies 1 31b and 161b, 

50 respectively. With the substrate holding portions 131 
and 161. the bonded substrate stack 101 can deflect 
and corrugate having "nodes" at a portion sandwiched 
by the contact portions 131a and 161a, so the separa- 
tion force can efficiently act inside the bonded substrate 

55 stack 101 . In addition, since the jet medium discharge 
path is ensured, the jet medium pressure can be pre- 
vented from excessively increasing inside the bonded 
substrate stack 101. As a consequence, the bonded 
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substrate stack 101 can be prevented from breaking be- 
cause of a portion of the porous layer where the me- 
chanical strength is locally high and separation 
progresses slowly. 

[0182] With the use of the substrate holding portions 

131 and 161 , the bonded substrate stack 101 is com- 
pletely separated in about 2 min after the start of jet in- 
jection into the bonded substrate stack 101 (separation 
processing). 

[Sixth Example of Substrate Holding Portion] 

[0183] Figs. 18 and 19 are views showing the ar- 
rangement of substrate holding portions according to 
the sixth example of the present invention. Fig. 13 is a 
perspective view, and Fig. 1 9 is a front view. Substrate 
holding portions 132 and 162 shown in Figs. 18 and 19 
are examples of the substrate holding portions 120 and 
150 shown in Fig. 2, respectively. 
[0184] The substrate holding portions 1 32 and 162 of 
this example have cross-shaped (radial) contact por- 
tions 132a and 162a which come into contact with the 
bonded substrate stack 101 , on main bodies 1 32b and 
162b, respectively. With the substrate holding portions 

132 and 162. the bonded substrate stack 101 can de- 
flect and corrugate forming "nodes" at a portion sand- 
wiched by the contact portions 132a and 162a, so the 
separation force efficiently acts on the bonded substrate 
stack 101. In addition, since the jet medium discharge 
path is ensured, the jet medium pressure can be pre- 
vented from excessively increasing inside the bonded 
substrate stack 101. Therefore, the bonded substrate 
stack 101 can be prevented from breaking because of 
a portion of the porous layer where the mechanical 
strength is locally high and separation progresses slow- 
ly. 

[0185] With the use of the substrate holding portions 
132 and 162, the bonded substrate stack 101 is com- 
pletely separated in about £0 sec after the start of jet 
injection into the bonded substrate stack 101 (separa- 
tion processing). 

[0186] Figs. 20 to 24 are perspective views showing 
modifications of the substrate holding portions shown in 
Fig. 1 9. These substrate holding portions are examples 
of the substrate holding portions 120 and 150 shown in 
Fig. 2. 

[01 87] Substrate holding portions 1 33 and 1 63 shown 
in Fig. 20 have star-shaped contact portions 1 33a and 
1 63a which come into contact with the bonded substrate 
stack 1 0 1 , on main bodies 1 33b and 1 63b r respectively. 
Substrate holding portions 134 and 164 shown in Fig. 

21 also have star-shaped contact portions 134a and 
1 64a which come into contact with the bonded substrate 
stack 101 , on main bodies 134b and 164b, respectively. 
Substrate holding portions 135 and 155 shown in Fig. 

22 have, on main bodies 135b and 165b : contact por- 
tions 135a and 165a which come into contact with the 
bonded substrate stack 101 , respectively. Each of the 



contact portions 135a and 165a is separated into four 
parts at its central portion and form a cross. A substrate 
holding portion 1 36 shown in Fig. 23 has columnar con- 
tact portions 136a which come into contact with the 

s bonded substrate stack 101, on a main body 136b. A 
substrate holding portion 156 has the same arrange- 
ment as that of the substrate holding portion 136. Sub- 
strate holding portions 137 and 167 shown in Fig. 24 
have radial contact portions 1 37a and 167a which come 

10 into contact with the bonded substrate stack 101, on 
main bodies 137b and 167b, respectively. 

[Seventh Example of Substrate Holding Portion] 

15 [0188] Figs. 25 and 26 are sectional views showing 
the arrangement of substrate holding portions according 
to the seventh example of the present invention. Fig. 25 
shows a state before the bonded substrate stack 101 is 
separated. Fig. 26 shows a state after the bonded sub- 

20 strate stack 101 is separated. Substrate holding por- 
tions 138 and 168 shown in Figs. 25 and 26 are exam- 
ples of the substrate holding portions 120 and 150 
shown in Fig. 2 : respectively. 

[0189] The substrate holding portions 138 and 168 of 

25 this example have, as contact portions to the bonded 
substrate stack 101, contact portions 138a and 168a 
which come into contact with the peripheral portions of 
the bonded substrate stack 101, respectively. With the 
substrate holding portions 138 and 168 : the bonded 

oo substrate stack 101 can deflect while expanding at its 
central portion having "nodes" at a portion sandwiched 
by the contact portions 1 38a and 168a and "antinodes" 
near the central portion of the bonded substrate stack 
101, so the separation force can efficiently act on the 

35 bonded substrate stack 101. 

[0190] The substrate holding portions 136 and 168 
have, at their central portions, limit portions 137b and 
167b for limiting the deflection amount of the bonded 
substrate stack 101 . Since the deflection amounts of the 

40 separated substrates are limited by the limit portions 
137b and 167b, the substrates can be prevented from 
breaking. 

[0191] In the first to sixth examples, the surface of the 
main body of each substrate holding portion can also 
45 function as a deflection amount limit portion. In each ex- 
ample, the projection height of the contact portion to the 
bonded substrate stack is determined in accordance 
with the diameter and thickness of the bonded substrate 
stack and the jet medium pressure. 
so [0192] The above separating apparatus can be used 
to separate not only a semiconductor substrate such as 
a bonded substrate stack but also various samples. 
[0193] According to the preferred embodiment of the 
present invention, the efficiency of separation process- 
es ing can be increased while preventing damages to the 
sample to be separated. 

[0194] In addition, according to the preferred embod- 
iment of the present invention, a satisfactory substrate 
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can be manufactured. 
[Second Embodiment] 

[0195] Fig. 28 is a view showing the schematic ar- 
rangement of a separating apparatus according to the 
second embodiment of the present invention. In a sep- 
arating apparatus 1000 ; the separation force is efficient- 
ly applied to a bonded substrate stack to separate the 
bonded substrate stack using a low-pressure jet. At the 
same time, the bonded substrate stack is supported to 
prevent the bonded substrate stack from breaking due 
to the separation force. More specifically, the separating 
apparatus 1000 supports the bonded substrate stack 
while allowing it to warp due to the pressure of the jet 
medium injected into the bonded substrate stack, and 
also limiting the warp amount. 

[0196] The separating apparatus 1000 has substrate 
holding portions 1120 and 1150 having vacuum chuck 
mechanisms. A bonded substrate stack 101 is sand- 
wiched by the substrate holding portions 1 1 20 and 1 1 50 
and held. The bonded substrate stack 1 01 has a porous 
layer 101b as an internal fragile structure and is sepa- 
rated into two substrates 101a and 101c at the porous 
layer 101b by the separating apparatus 1000. In this 
separating apparatus 1 000 ; the bonded substrate stack 
is set such that the substrate 101 a is placed on the first 
substrate (10') side in Fig. 1 D or 41 D and the substrate 
1 01c is placed on the second substrate (10° + 20) side 
in Fig. 1D or 41 D. 

[01 97] The substrate holding portions 1 1 20 and 1 1 50 
are present on the same rotary axis. The substrate hold- 
ing portion 11 20 is coupled to one end of a rotary shaft 
104 which is rotatably axially supported by a support 
base 109 through a bearing 108. The other end of the 
rotary shaft 104 is coupled to the rotary shaft of a motor 
110. The rotational force generated by the motor 110 
rotates the bonded substrate stack 101 vacuum- 
chucked by the substrate holding portion 1120. In sep- 
arating the bonded substrate stack 101, the motor 110 
rotates the rotary shaft 104 at a designated rotation 
speed in accordance with an instruction from a controller 
(not shown). 

[0198] The substrate holding portion 1150 is coupled 
to one end of a rotary shaft 103 which is rotatably and 
slidably axially supported by the support base 109 
through a bearing 111. The other end of the rotary shaft 
1 03 is coupled to an air cylinder 1 1 2 fixed on the support 
base 109. When the air cylinder 112 pushes the rotary 
shaft 1 03 : the bonded substrate stack 1 01 is pressed by 
the substrate holding portion 1150. 
[01 99] The substrate holding portions 1 1 20 and 1 1 50 
can be detached from the rotary shafts 104 and 103, 
respectively. The substrate holding portions 1120 and 
1150 have one or a plurality of suction portions (e.g. ; 
annular grooves) 1181 and 1182 as vacuum chuck 
mechanisms, respectively. The suction portions 1161 
and 1182 communicate with rotary seal portions 104a 



and 1 03a through the rotary shafts 1 04 and 1 03, respec- 
tively. The rotary seal portions 104a and 103a are cou- 
pled to vacuum lines 104b and 103b, respectively. 
These vacuum lines 104b and 103b have solenoid 
5 valves. By controlling the solenoid valves, setting/re- 
moval of the bonded substrate stack 101 can be con- 
trolled. 

[0200] The substrate holding portions 1 1 20 and 1 1 50 
hold the bonded substrate stack 101 such that the sep- 
10 aratton force efficiently acts on the bonded substrate 
stack 101 in separation processing. Specific arrange- 
ments of the substrate holding portions 1120 and 1150 
will be described later. 

[0201] Substrate separation processing using this 
75 separating apparatus 1000 will be described below. 
[0202] To set the bonded substrate stack 101 in the 
separating apparatus 1000, first, the rotary shaft 103 is 
retracted by the air cylinder 1 1 2 to set a predetermined 
interval between the chucking surfaces of the substrate 
20 holding portions 11 20 and 1150, After the bonded sub- 
strate stack 1 01 is mounted on an alignment shaft 1 1 3, 
the air cylinder 112 pushes the rotary shaft 103, so the 
bonded substrate stack 101 is pressed and held (the 
state shown in Fig. 28). The alignment shaft 113 is ro- 
25 tatably axially supported by the support base 109 
through bearings 105 and 107. 

[0203] In this embodiment, the bonded substrate 
stack 101 is held not by vacuum chucking but by the 
pressing force of the air cylinder 1 1 2. The pressing force 
30 is preferably about 100to2000gf. The bonded substrate 
stack 101 may be vacuum-chucked, as a matter of 
course. In separation processing, the air cylinder 1 1 2 is 
preferably controlled to maintain a predetermined inter- 
val between the substrate holding portions 1120 and 

35 1150. 

[0204] A jet medium (e.g., water) is sent from a pump 
114 to a nozzle 102, and processing waits until the jet 
ejected from the nozzle 102 stabilizes. When the jet sta- 
bilizes, a shutter 106 is opened to inject the jet into the 

•40 separation region of the bonded substrate stack 101 . At 
this time, the bonded substrate stack 101 is rotated by 
the motor 110. The rotary shaft 104, substrate holding 
portion 1120, bonded substrate stack 101, substrate 
holding portion 1150, and rotary shaft 103 integrally ro- 

45 tate. 

[0205] When the jet is injected, a separation force due 
to the pressure of the jet medium continuously injected 
into the porous layer 101 b as a fragile structure acts on 
the bonded substrate stack 1 01 to break the porous lay- 

50 er 1 01 b which connects the substrates 101a and 101c. 
With this processing, the bonded substrate stack 101 is 
separated into two substrates in about 2 min. 
[0206] When the bonded substrate stack 101 is sep- 
arated into two substrates, the shutter 106 is closed, and 

5S the operation of pump 11 4 is stopped. By stopping rota- 
tion of the motor 110 and controlling the above-de- 
scribed electromagnetic valves, the separated sub- 
strates are vacuum-chucked by the substrate holding 
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portions 1120 and 1150. 

[0207] When the air cylinder 112 retracts the rotary 
shaft 103 : the surface tension of the jet medium (e.g., 
water) is cut off to split the two physically separated sub- 
strates to both sides. 

[0208] When the separation force is to efficiently act 
on the bonded substrate stack 101 while preventing the 
bonded substrate stack 101 from breaking, the structure 
of the substrate holding portions 1120 and 1150 must 
be optimized. In this embodiment, the separation force 
is efficiently applied by ensuring a space in which the 
bonded substrate stack warps in separation processing, 
and simultaneously, the warp amount is limited to pre- 
vent the bonded substrate stack 101 from breaking. 
[0209] Preferable arrangements of the substrate 
holding portions will be listed below. In the following ex- 
amples, a pair of substrate holding portions that oppose 
each other have a symmetrical structure. However the 
substrate holding portions may have independent struc- 
tures. 

[First Example of Substrate Holding Portion] 

[0210] Figs. 29 to 31 are views showing the arrange- 
ment of the substrate holding portions 1120 and 1150 
according to the first example of the second embodi- 
ment of the present invention. Fig. 29 is a perspective 
view. -Fig. 30 is a sectional view showing a state before 
separation processing, and Fig. 31 is a sectional view 
showing a state during separation processing. 
[0211] The substrate holding portions 1120 and 1150 
of this example have convex support surfaces 1120a 
and 1 1 50a each formed from part of a spherical surface. 
The support surfaces 1120a and 1150a support the 
bonded substrate stack 101 while allowing it to warp and 
also limit excessive warp of the bonded substrate stack 
101 in separation processing. A warp amount h is pref- 
erably set to be around 0.1 to 0.5 mm. 
[0212] With the use of the separating apparatus 1000 
having the substrate holding portions 1120 and 1150, 
separation progress from the side surface of the bonded 
substrate stack 101 to the vicinity of the center of the 
support surfaces 1 1 20a and 1 1 50a in about 30 sec after 
the start of jet injection into the bonded substrate stack 
101 (separation processing). Two portions separated 
from the bonded substrate stack 101 are pressed 
against the support surfaces 1120a and 1150a by the 
pressure (separation force) of the jet medium injected 
into the bonded substrate stack 10V as shown in Fig. 
31. As separation processing further progresses, the 
bonded substrate stack 101 is completely separated in 
about 2 min after the start of separation processing. 
[0213] When the bonded substrate stack 101 is held 
as it is capable of warping, the separation force can be 
efficiently applied, so separation processing can be ef- 
ficiently performed. In addition, when the warp amount 
of the bonded substrate stack 101 is limited, the sepa- 
rated substrates can be prevented from excessively 



warping, and the bonded substrate stack 101 can be 
prevented from breaking. 

[0214] To distribute stress acting on the bonded sub- 
strate stack 101, the support surfaces 11 20a and 1150a 
s are preferably spherical. However, the contact surfaces 
need not always be spherical. As a modification of the 
substrate holding portions 1 1 20 and 1 1 50 of the first ex- 
ample, substrate holding portions each having a smooth 
convex surface will be described. 
10 [0215] Figs. 32 to 35 are sectional views showing 
modifications of the substrate holding portions 1 1 20 and 
1150. Substrate holding portions 1121 and 1151 shown 
in Fig. 32 have support surfaces 1121a and 1151a each 
made of a cone having a convex vertex. Substrate hold- 
's ing portions 1122 and 1152 shown in Fig. 33 have sup- 
port surfaces 1 1 22a and 1 1 52a each made of a frustum 
of a cone. Substrate holding portions 1123 and 1153 
shown in Fig. 34 have support surfaces 1123a and 
1 1 53a each made of several frustums forming a convex 
20 surface as a whole. Substrate holding portions 1 1 24 and 

1 1 54 shown in Fig. 35 have support surfaces 1 1 24a and 
1 1 54a each made of several columns forming a convex 
surface as a whole. 

[021 6] As shown in Figs. 29 to 35, the substrate hold- 
25 ing portion preferably has a diameter with which it can 
support the entire surface of the bonded substrate stack 
101 . When the diameter of the substrate holding portion 
is 2/1 that of the bonded substrate stack 101 or more, a 
satisfactory effect can be obtained. However, the 
oo present invention does not exclude a substrate holding 
portion having a diameter smaller than 1/2 that of the 
bonded substrate stack. 

[021 7] The substrate holding portion preferably has a 
disk shape. However, any other shape such as a radial 
35 or matrix shape may be used. 

[Second Example of Substrate Holding Portion] 

[0218] Figs. 36 and 37 are sectional views showing 
•to the arrangement of substrate holding portions according 
to the second example of the second embodiment of the 
present invention. Fig. 36 shows a state before separa- 
tion processing. Fig. 37 shows a state during separation 
processing. Substrate holding portions 1125 and 1155 
45 shown in Figs. 36 and 37 replace the substrate holding 
portions 1 120 and 1150 shown in Fig. 28, respectively. 
[0219] In the substrate holding portions 1125 and 

1155 of this example, disk-like support portions 1125b 
and 1155b of an elastic material (e.g., a rubber) are 

50 bonded to disk-like main bodies 1125a and 1155a, re- 
spectively. The support portions 1125b and 1155b sup- 
port the bonded substrate stack 101 while allowing it to 
warp and also limit excessive warp of the bonded sub- 
strate stack 101 in separation processing. The warp 

55 amount h is preferably set to be around 0.1 to 0.5 mm. 
[0220] With the use of the separating apparatus 1 000 
having the substrate holding portions 1125 and 1155, 
separation progress from the side surface of the bonded 
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substrate stack 101 to the vicinity of the central portion 
in about 30 sec after the start of jet injection into the 
bonded substrate stack 101 (separation processing). 
Two portions separated from the bonded substrate 
stack 101 open to form a V shape due to the pressure 
(separation force) of the jet medium injected into the 
bonded substrate stack 1 01 , as shown in Fig. 37. At this 
time, the separation force and the drag of the support 
portions 1 1 25b and 1 1 55b balance with the warp amount 
of the bonded substrate stack 101. As separation 
processing further progresses, the bonded substrate 
stack 101 is completely separated in about 2 min after 
the start of separation processing. 
[0221] When the bonded substrate stack 101 is held 
as it is capable of warping, the separation force can be 
efficiently applied : so separation processing can be ef- 
ficiently performed. In addition, when the warp amount 
of the bonded substrate stack 101 is limited, the sepa- 
rated substrates can be prevented from excessively 
warping, and the bonded substrate stack 101 can be 
prevented from breaking. 

[0222] To distribute stress acting on the bonded sub- 
strate stack 101 , the entire surfaces of the support por- 
tions 1125b and 1155b are preferably formed from an 
elastic material. However, the entire surfaces of the sup- 
port portions need not always be made of an elastic ma- 
terial. In addition, the substrate holding portion prefera- 
bly has a diameter with which it can support the entire 
surface of the bonded substrate stack 101. When the 
diameter of the substrate holding portion is 2/1 that of 
the bonded substrate stack 101 or more, a satisfactory 
effect can be obtained. Modifications of the substrate 
holding portions 1125 and 1155 of this example v/ill be 
listed below. 

[0223] Figs. 38 to 40 are sectional views showing 
modifications of the substrate holding portions 1 1 25 and 
1155. In substrate holding portions 1126 and 1156 
shown in Fig. 38 : annular second support portions 
1 1 26b and 1 1 56b each consisting of an elastic material 
(e.g., a rubber) are fitted on disk-like first support por- 
tions 1126a and 1156a each having a convex section. 
In substrate holding portions 1127 and 1157 shown in 
Fig. 39, O-ring-like second support portions 1127b and 
1 1 57b each consisting of an elastic material (e.g., a rub- 
ber) are fitted on disk-like first support portions 1127a 
and 1157a each having a convex section. In substrate 
holding portions 1128 and 1158 shown in Fig. 40, coil 
springs 1 1 28b and 1 1 53b each having one end coupled 
to a corresponding one of main bodies 1 1 28a and 1 1 5Sa 
are fitted on the main bodies 1 1 28a and 1 1 58a each hav- 
ing a convex section, and annular support portions 
1 1 28c and 1 1 58c each coupled to the other end of a cor- 
responding one of the coil springs 1 1 28b and 1 1 5£b are 
also fitted on the main bodies 1128a and 1158a. 
[0224] The above separating apparatus can be used 
to separate not only a semiconductor substrate such as 
a bonded substrate stack but also various samples. 
[0225] According to the preferred embodiment of the 



present invention, the efficiency of separation process- 
ing can be increased while preventing damages to the 
sample to be separated. 

[0226] In addition, according to the preferred embod- 
s iment of the present invention, a satisfactory substrate 
can be manufactured. 

[Third Embodiment] 

[0227] When this separating apparatus is to be ap- 
plied to manufacture a semiconductor substrate such as 
the above-described SOI substrate, pure water or ul- 
trapure water with minimum impurity metals or particles 
is preferably used as a jet medium. However if the sub- 
strate is to be cleaned after separation, water having low 
purity may be used as a jet medium. 
[0228] The jet medium is not limited to water. It is pos- 
sible to use an organic solvent such as an alcohol, an 
acid such as fluoric acid or nitric acid : an alkali such as 
potassium hydroxide, a gas such as air, nitrogen gas, 
carbonic acid gas, rare gas, or an etching gas, or a plas- 
ma. 

[0229] In this separating apparatus, a jet is ejected to 
the porous layer (separation region) exposed to the side 
surface of the bonded substrate stack, thereby remov- 
ing the porous layer from the peripheral portion to the 
central portion. With this process, the bonded substrate 
stack is separated into two substrates by removing only 
the separation region with low mechanical strength with- 
out damaging the main body. Even when the side sur- 
face of the bonded substrate stack is covered with some 
thin layer, and the porous layer is not exposed, the thin 
layer can be removed by the jet, so the bonded substrate 
stack can be separated by the above-described method. 

[0230] At the outer peripheral portion of the bonded 
substrate stack, a V-shaped (concave) groove is prefer- 
ably formed along the side surface. Figs. 27A and 27B 
are views showing a force acting on the bonded sub- 
strate stack. Fig. 27A shows a bonded substrate stack 
having a V-shaped groove 22. Fig. 27B shows a bonded 
substrate stack having no V-shaped groove. 
[0231] As shown in Fig. 27 A : in the bonded substrate 
stack having the V-shaped groove 22, a force (to be re- 
ferred to as a separation force hereinafter) is applied 
outward from the center of the bonded substrate stack, 
as indicated by an arrow 23. On the other hand, as 
shown in Fig. 27B. in the bonded substrate stack with a 
convex side surface, a force is applied inward from the 
side surface of the bonded substrate stack, as indicated 
by an arrow 24. In the bonded substrate stack having a 
convex side surface, the separation force does not act 
unless the side surface of a porous layer 1 2 as the sep- 
aration region is removed by a jet 21 . 
[0232] Even when a thin film is formed on the side sur- 
face of the bonded substrate stack, the separation force 
acts on the bonded substrate stack as far as the bonded 
substrate stack has the V-shaped groove 22, as shown 
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in Fig. 27A : so the thin layer can be easily broken. 
[0233] To effectively use the jet a width W1 of the V- 
shaped groove 22 is preferably equal to or larger than 
a diameter d of the jet 21. For example : assume that 
each of a first substrate ( 1 0) and a second substrate (20) 
has a thickness of about 1 mm and the bonded sub- 
strate stack has a thickness of about 2 mm. Since the 
width W1 of the V-shaped groove 22 is normally around 
1 mm, the diameter of the jet is preferably 1 mm or less. 
Since a general water jet apparatus uses a jet with a 
diameter around 0.1 to 0.5 mm, such a general water 
jet apparatus (e.g., a water jet nozzle) can be used. 
[0234] The nozzle for ejecting a jet can have not only 
a circular shape but any other shapes. For example, 
when a slit-like nozzle is employed to eject a jet having 
a long rectangular section, the jet can be efficiently in- 
jected into the separation region (inserted between the 
two substrates). 

[0235] The jet ejection conditions are determined in 
accordance with the type of separation region (e.g., a 
porous layer) or the shape of the side surface of the 
bonded substrate stack. Important parameters as the jet 
ejection conditions are the pressure applied to the jet 
medium, the jet scanning speed, the width or diameter 
of the nozzle (the nozzle diameter is almost the same 
as the jet diameter), the nozzle shape, the distance be- 
tween the nozzle and the separation region, and the flow 
rate of the jet medium. 

[0236] The following techniques are used to separate 
the bonded substrate stack. 1 ) The jet is injected into 
the bonding interface parallel to the bonding interface 
while the nozzle is scanned along the bonding interface. 
2) The jet is injected into the bonding interface parallel 
to the bonding interface while the bonded substrate 
stack is scanned. 3) The jet is injected into the bonding 
interface parallel to the bonding interface and simulta- 
neously scanned in a fan shape at a pivot near the noz- 
zle. 4) The jet is injected into the bonding interface par- 
allel to the bonding interface while the bonded substrate 
stack is rotated about nearly the center of the bonded 
substrate stack (this technique is particularly effective 
when the bonded substrate stack has a disk shape). The 
jet need not always be ejected to be perfectly parallel to 
the bonding interface. 

[0237] The bonded substrate stack is separated not 
only when the pore walls break by the cutting force, i.e., 
the impact force of the jet colliding against the pore walls 
in the porous layer but also when the pore walls break 
by the pressure of jet medium injected into the porous 
layer. To prevent damages to the substrate, the separa- 
tion force acting in the axial direction of the bonded sub- 
strate stack is preferably set to be several hundred gf/ 
cm 2 . 

[0238] To separate the bonded substrate stack using 
only the cutting force of jet, the jet must be ejected at a 
high pressure of 1,000 kg/cm 2 or more. If the bonded 
substrate stack is separated by such a high-pressure 
jet, the substrate may be damaged. The thickness of the 



bonded substrate stack is preferably about 0.5 to 1.0 
mm. However when such a thin bonded substrate stack 
is to be separated by a high-pressure jet, and the porous 
layer locally has portions with high strength, the jet pres- 
5 sure (separation force) may abruptly increase to break 
the substrate because the discharge path of the jet me- 
dium is not ensured. 

[0239] Preferably, a jet with a low pressure of approx- 
imately 500 kgf/cm 2 is used, and the shortage of cutting 
to force is compensated for by the separation force. With 
this method, damages to the substrate can be prevented 
at a relatively high ratio. 

[0240] However, to prevent damages to the substrate, 
the shape or characteristics of the member to be sepa- 
ls rated is preferably taken into consideration. For exam- 
ple, when the bonded substrate stack is to be separated 
to the first substrate (10*) side and the second substrate 
(10" + 20) side, the bonded substrate stack holding 
method in separation processing is preferably optimized 
20 in consideration of the shape or characteristics (espe- 
cially, the strength) of the substrates. More specifically, 
the first substrate (10) is formed through various proc- 
esses (including high-temperature process) such as an- 
odizing, formation of an epitaxial layer, and oxidation 
25 and therefore readily breaks as compared to the second 
substrate (20). If the substrate is used again as the first 
substrate (10) by removing the porous layer remaining 
on the surface of the first substrate after separation, the 
first substrate becomes thinner by about 30 jam every 
30 time an SOI substrate is manufactured. For this reason, 
as the number of times of reuse increases, the first sub- 
strate breaks during separation processing with higher 
probability. 

[0241] In this embodiment, a separating apparatus is 
35 disclosed, in which the deflection amount by the sepa- 
ration force of the jet is made small for one of members 
to be separated, which has low strength and readily 
breaks, to prevent the member from breaking, and the 
deflection amount by the separation force of the jet is 
40 made large for a member which has high strength and 
hardly breaks to increase the efficiency of discharging 
the jet medium from the separation region (inside the 
member). 



[0242] A specific arrangement of the separating ap- 
paratus according to the third embodiment of the 
present invention will be described below with reference 
to Figs. 42 to 44. 

[0243] The separating apparatus of this embodiment 
is suitable to separate a bonded substrate stack having 
a porous layer or microcavity layer as an internal fragile 
structure. This separating apparatus can also be used 
to separate another member having an internal fragile 
structure. In this case, the building elements of the sep- 
arating apparatus must obviously be appropriately mod- 
ified in accordance with the shape of the member to be 
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separated. 

[0244] Fig. 42 is a view schematically showing the ar- 
rangement of the separating apparatus according to the 
third embodiment of the present invention. Fig. 43 is a 
perspective view showing part of the separating appa- 
ratus shown in Fig. 42. Fig. 44 is a view schematically 
showing separation processing. 
[0245] A separating apparatus 2000 has substrate 
holding portions 2120 and 2130 having vacuum chuck 
mechanisms. A bonded substrate stack 101 is sand- 
wiched by the substrate holding portions 21 20 and 21 30 
and held. The substrate holding portion 21 20 comes into 
contact with the bonded substrate stack 101 in a large 
area. The substrate holding portion 2130 comes into 
contact with the bonded substrate stack 101 in a small 
area. With this structure, the deflection amount be- 
comes small or no deflection occurs on one side of the 
bonded substrate stack 101 while the deflection amount 
in separation processing is made relatively large on the 
other side. 

[0246] The bonded substrate stack 101 has a porous 
layer 101b as an internal fragile structure and is sepa- 
rated into a first substrate 1 01 a and a second substrate 
101c at the porous layer 101b by the separating appa- 
ratus 2000. The first substrate 101a corresponds to the 
above-described first substrate (10'), and the second 
substrate 101c corresponds to the above-described 
second substrate (10" + 20). 

[0247] As described above, the first substrate 1 01 a is 
formed through various processes (including high-tem- 
perature process) such as anodizing, formation of an 
epitaxial layer and oxidation and therefore readily 
breaks as compared to the second substrate 101c. 
Therefore, when the first substrate 101a of the bonded 
substrate stack 1 01 is held by the substrate holding por- 
tion 21 20 having a large-area holding surface, deflection 
of the first substrate 101a can be limited during separa- 
tion processing and prevented from breaking. The sec- 
ond substrate 101c has a strength higher than that of 
the first substrate 101 a and can withstand relatively 
large deflection. When the second substrate 101c is 
held by the substrate holding portion 2130 having a 
small-area holding surface, the substrate 101c can de- 
flect to some extent in separation processing. With this 
structure, the jet medium injected between the sub- 
strates 101a and 101c can be efficiently discharged, and 
consequently, separation processing can be efficiently 
performed. 

[0248] The substrate holding portion 21 20 is coupled 
to one end of a rotary shaft 1 04 which is rotatably axially 
supported by a support base 1 09 through a bearing 1 08. 
The other end of the rotary shaft 104 is coupled to the 
rotary shaft of a motor 110. The rotational force gener- 
ated by the motor 110 rotates the bonded substrate 
stack 101 . The motor 110 rotates the rotary shaft 104 at 
a designated rotation speed in accordance with an in- 
struction from a controller (not shown). 
[0249] The substrate holding portion 21 30 is coupled 



to one end of a rotary shaft 103 which is rotatably and 
slidably axially supported by the support base 109 
through a bearing 111. The other end of the rotary shaft 
1 03 is coupled to an air cylinder 1 1 2 fixed on the support 
5 base 109. When the air cylinder 112 pushes the rotary 
shaft 1 03, the bonded substrate stack 1 0 1 is pressed by 
the substrate holding portion 2130. 
[0250] To limit the deflection amount of the first sub- 
strate 101a to an amount as small as possible, the di- 
10 ameter of the chucking surface of the substrate holding 
portion 2120 is preferably made equal to or larger than 
the diameter of the bonded substrate stack 1 01 , and ad- 
ditionally, the chucking surface is preferably made flat 
to support the entire surface of the first substrate 101a. 
15 However, the shape of the chucking surface of the sub- 
strate holding portion 2120 is not limited to this. The 
chucking surface may be a curved surface such as a 
spherical surface or have a smaller area than the bond- 
ed substrate stack 1 01 . That is, the shape of the chuck- 
20 ing surface of the substrate holding portion 2120 is de- 
termined in accordance with the allowable deflection 
amount of the first substrate 101a. 
[0251] On the other hand, the shape of the chucking 
surface of the substrate holding portion 2130 is deter- 
25 mined within the allowable deflection amount range of 
the second substrate 101c such that the deflection 
amount of the second substrate 101 c becomes larger 
than that of the first substrate 101a. 
[0252] The substrate holding portions 21 20 and 21 30 
oo are present on the same rotary axis. The substrate hold- 
ing portions 2120 and 2139 can be detached from the 
rotary shafts 104 and 103, respectively. The substrate 
holding portions 21 20 and 21 30 have vacuum chucking 
grooves on their holding surfaces. These grooves com- 
35 rnunicate with vacuum lines extending through the rota- 
ry shafts 104 and 103, respectively. These vacuum lines 
are coupled to external vacuum lines through, e.g., ro- 
tary vacuum joints. The external vacuum lines have so- 
lenoid valves. By controlling the solenoid valves, setting/ 
40 removal of the substrate stack can be controlled. 

[0253] Substrate separation processing using this 
separating apparatus 2000 will be described below. 
[0254] To set the bonded substrate stack 101 in the 
separating apparatus 2000, first, the rotary shaft 103 is 
45 retracted by the air cylinder 1 1 2 to set a predetermined 
interval between the holding surfaces of the substrate 
holding portions 21 20 and 21 30. After the bonded sub- 
strate stack 101 is mounted on an alignment shaft 113, 
the air cylinder 112 pushes the rotary shaft 103, so the 
50 bonded substrate stack 101 is pressed and held (the 
state shown in Fig. 42). The alignment shaft 113 is ro- 
tatably axially supported through bearings 105 and 107. 
[0255] In this embodiment, the bonded substrate 
stack 101 is held not by vacuum chucking but by the 
55 pressing force of the air cylinder 1 1 2. The pressing force 
is preferably about 1 00 to 2000gf . The bonded substrate 
stack 101 may be vacuum-chucked, as a matter of 
course. 
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[0256] A jet medium (e.g., water) is sent from a pump 
114 to a jet nozzle 102, and processing waits until the 
jet ejected from the jet nozzle 102 stabilizes. When the 
jet stabilizes, a shutter 106 is opened to inject the jet 
into the separation region of the bonded substrate stack 
101 , and at the same time, the bonded substrate stack 
101 is rotated by the motor 110. At this time, the rotary 
shaft 104, substrate holding portion 2120, bonded sub- 
strate stack 101 , substrate holding portion 21 30 : and ro- 
tary shaft 103 integrally rotate. The jet nozzle 102 is at- 
tached to a position adjustment mechanism (e.g., an X- 
Y stage), so the position from which the jet is injected 
into the bonded substrate stack 101 can be adjusted by 
the position adjustment mechanism. 
[0257] When the jet is injected, a separation force due 
to the pressure of jet medium continuously injected into 
the porous layer 101b as a fragile structure acts on the 
bonded substrate stack 101 to break the porous layer 
101 b which connects the substrates 101a and 101c. At 
this time : the substrates 101a and 101c deflect in the 
allowable ranges of the substrate holding portions 21 20 
and 21 30. In this separating apparatus 2000, the deflec- 
tion amount of the substrate 101 a is relatively small, and 
that of the substrate 101c is relatively large. 
[0258] With this processing, the bonded substrate 
stack 101 is separated into two substrates in about 2 
min. 

[0259] When the bonded substrate stack 101 is sep- 
arated into two substrates, the shutter 1 06 is closed, and 
the operation of pump 1 1 4 is stopped. By stopping rota- 
tion of the motor 110 and controlling the above-de- 
scribed electromagnetic valves, the separated sub- 
strates 1 01a and 101c are vacuum-chucked by the sub- 
strate holding portions 2120 and 2130. 
[0260] When the air cylinder 112 retracts the rotary 
shaft 103, the surface tension of the jet medium (e.g., 
water) is cut off to split the two physically separated sub- 
strates 101a and 101c to both sides. 
[0261] Modifications of the substrate holding portion 
of the separating apparatus 2000 will be described next. 

[First Modification] 

[0262] In the separating apparatus of this modifica- 
tion the substrate holding portions 2120 and 2130 of 
the separating apparatus 2000 shown in Figs. 42 to 44 
are replaced with each other. Fig. 45 is a view showing 
the schematic arrangement of a separating apparatus 
2000' of this modification. 

[0263] In this separating apparatus 2000', the sub- 
strate holding portion 21 20 holds the first substrate 101a 
side of the bonded substrate stack 101, and the sub- 
strate holding portion 2130 holds the second substrate 
101c. That is, in the separating apparatus 2000', the 
bonded substrate stack 1 01 is held such that the second 
substrate 101c is positioned on the side of the rotary 
shaft 104 whose horizontal position is fixed. 
[0264] This separating apparatus 2000' is suitable to 



reuse the first substrate 101a after separation as the first 
substrate (10) by removing the porous layer 101b re- 
maining on the surface of the substrate 101a. The rea- 
son for this is as follows. 

5 [026S] When the first substrate 101a is to be reused, 
the first substrate 101a becomes thinner in accordance 
with the number of times of reuse. For this reason, when 
separation processing is to be efficiently and appropri- 
ately performed in the separating apparatus 2000 

io shown in Fig. 42, the jet nozzle 1 02 must be located im- 
mediately above the separation region of the bonded 
substrate stack 101 for every separation processing. If 
the position of the jet nozzle 1 02 is fixed, the jet may not 
be injected into the center of the porous layer 101b to 

is damage the substrates 101a and 101c. 

[0266] However, in the separating apparatus 2000' of 
this modification, as far as the bonded substrate stack 

101 whose second substrate 101c has a predetermined 
thickness is to be processed, the positional relationship 

20 between the porous layer 101b and the jet nozzle 102 
does not change even when the position of the jet nozzle 

1 02 is fixed. This is because the position of the substrate 
holding portion 2130 is fixed, and the second substrate 
101c held by the substrate holding portion 2130 has a 

25 predetermined thickness. 

[Second Modification] 

[0267] In this modification, the structure of each sub- 
30 strate holding portion of the separating apparatus 2000 
shown in Figs. 42 to 44 is modified. Fig. 46 is a view 
showing the schematic arrangement of the substrate 
holding portions of the separating apparatus of this mod- 
ification. In this separating apparatus, a substrate hold- 
35 jng portion 2121 having an almost circular chucking sur- 
face holds the first substrate 101a side of the bonded 
substrate stack 101, and a substrate holding portion 
2131 having an almost annular chucking surface holds 
the second substrate 1 01 c side of the bonded substrate 
40 stack 101. 

[0268] The substrate holding portions 2121 and 2131 
of this modification limit the deflection amounts of the 
first substrate 101a and that of the second substrate 
101c in the allowable deflection amount ranges, respec- 
ts tively, and increase the efficiency of separation process- 
ing while preventing damages to the substrates 101a 
and 101c. 

[0269] Since the diameter of the substrate holding 
portion 2121 is smaller than the bonded substrate stack 

50 101 , the first substrate 101a deflects while warping at 
its outer peripheral portion in separation processing. 
The holding surface of the substrate holding portion 
2121 may be a flat surface or a curved surface such as 
a spherical surface. On the other hand, since the sub- 

55 strate holding portion 2131 has an annular holding sur- 
face, the substrate 101c deflects while corrugating form- 
ing "nodes" near the chucking surface (701 and 702 in 
Fig. 46) and "antinodes" at the outer peripheral portion 
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and central portion. When the substrate holding portions 
2121 and 2131 with shapes allowing the second sub- 
strate 101c to deflect while corrugating are employed, 
the jet medium injected into the bonded substrate stack 
101 can be efficiently discharged. 
[0270] Separation processing was executed using 
this separating apparatus. After the jet was injected into 
the bonded substrate stack 101, the jet proceeded to 
the holding surface (701 in Fig. 46) of the substrate hold- 
ing portion 2131 in about 30 sec. After this, the jet pro- 
ceeded to the holding surface (702 in Fig. 46) on the 
opposite side after about 30 sec, and the substrate 101c 
deflected while corrugating, as shown in Fig. 46. The 
bonded substrate stack 101 was separated into two sub- 
strates in about 3 min. 

[0271] In separation processing of the bonded sub- 
strate stack 101 , the jet medium is hardly discharged at 
the central portion of bonded substrate stack. For this 
reason, the pressure of the jet medium readily increas- 
es, so the central portion is easily damaged as com- 
pared to the peripheral portion. Hence, when only the 
second substrate 101c with high strength is allowed to 
deflect while expanding to the substrate holding portion 
21 31 side at its central portion, as in the substrate hold- 
ing portions of this modification, the discharge path of 
the jet medium can be ensured while preventing dam- 
ages to the first substrate 101a with low strength. 

[Third Modification] 

[0272] In this modification, the structures of the sub- 
strate holding portions 2120 and 21 30 ol the separating 
apparatus 2000 shown in Figs. 42 to 44 are modified. 
Fig. 47 is a view showing a modification of the substrate 
holding portion 21 20 for holding the first substrate side. 
Fig. 48 is a view showing a modification of the substrate 
holding portion 2130 for holding the second substrate 
side. 

[0273] As shown in Fig. 47, a substrate holding por- 
tion 21 22 for holding the first substrate 101a side has a 
diameter slightly smaller than that of the bonded sub- 
strate stack 101 and a flat chucking surface. Therefore, 
the first substrate 101a deflects while warping at its out- 
er peripheral portion in separation processing. 
[0274] On the other hand, as shown in Fig. 48, a sub- 
strate holding portion 2132 has a plurality of projecting 
chuck portions 2132a. The second substrate 101c side 
of the bonded substrate stack 101 is held by the tips of 
the plurality of chuck portions 2132a. When the second 
substrate 101c side is held by the projecting suction por- 
tions 2132a, the substrate 101c can easily deflect, and 
the jet medium injected into the bonded substrate stack 
101 can be efficiently discharged. To stably hold the 
bonded substrate stack 101, the number of projecting 
chuck portions 2132a is preferably three or more. 
[0275] The present invention is not limited to the 
above embodiments and various changes and modifi- 
cations can be made within the spirit and scope of the 



present invention. Therefore, to apprise the public of the 
scope of the present invention, the following claims are 
made. 

5 

Claims 

1. A support apparatus (120,150) for supporting a 
sample, for use in a separating apparatus (100) for 

10 separating a plate-like sample (101) having an in- 
ternal fragile layer (101b), at the fragile layer, 
(101b), said support apparatus comprising: 

a pair of holding portions (120,150) opposing 
15 each other to sandwich and hold the sample 

(101), 

wherein said pair of holding portions (120,150) 
is adapted to hold the sample (101) so as to 
allow the sample to expand at a vicinity of a cen- 
20 tral portion due to a pressure of a fluid ejected 

from a jet unit (1 02) arranged in said separating 
apparatus and injected into the sample (101). 

2. A support apparatus (120,150) for supporting a 
25 sample, for use in a separating apparatus (100) for 

separating a plate-like sample (101) having an in- 
ternal fragile layer (101b), at the fragile layer, 
(101b), said support apparatus comprising: 

30 a pair of holding portions (120. 150) opposing 

each other to sandwich and hold the sample 
(101), 

wherein said pair of holding portions (1 20, 1 50) 
is adapted to hold the sample (101) so as to 
35 allow the sample to corrugate under the pres- 

sure of a fluid ejected from a jet unit (102) ar- 
ranged in said separating apparatus and inject- 
ed into the sample (101). 

^o 3. Apparatus according to either of claims 1 or 2, 
wherein at least one of said pair of holding portions 
(121, 151) has a hollow contact portion (121a, 
151a), such that the sample (101) can be held by 
bringing said contact portion (121a, 151a) intocon- 

45 tact with the sample (101). 

4. Apparatus according to either of claims 1 or 2, 
wherein at least one of said pair of holding portions 
(121, 151) has an annular contact portion (121a, 

50 151a), such that the sample (101) can be held by 
bringing the or each said contact portion (121a, 
151 a) into contact with the sample (101). 

5. Apparatus according to either of claims 3 or 4, 
55 wherein the or each said contact portion (126a, 

126b; 156a, 156b) comprises a multiplicity of con- 
tact portions. 
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6. Apparatus according to either of claims 1 or 2, 
wherein at least one of said pair of holding portions 
(122, 152) has one or a plurality of stripe-shaped 
contact portions (122a, 152a), whereby the sample 
(101) can be held by bringing the or each said one s 
contact portion (1 22a : 1 52a) or said plurality of con- 
tact portions into contact with the sample (101 ). 

7. Apparatus according to either of claims 1 or 2, 
wherein at least one of said pair of holding portions 10 
( 1 27, 1 57) has one or a plurality of arcuate contact 
portions (127a. 157a), whereby the sample (101) 
can be held by bringing the or each said one contact 
portion (1 27a, 1 57a) or said plurality of contact por- 
tions into contact with the sample (101). '5 

8. Apparatus according to either of claims 1 or 2. 
wherein at least one of said pair of holding portions 
(1 28, 1 58) has one or a plurality of projecting con- 
tact portions (128a, 158a) on a main body surface 20 
thereof, whereby the sample (101) can be held by 
bringing the or each said one contact portion ( 1 28a, 
158a) or said plurality of contact portions into con- 
tact with the sample (101). 

25 

9. Apparatus according to either of claims 1 or 2, 
wherein at least one of said pair of holding portions 
(132, 152) has a radial contact portion (132a, 162a), 
whereby the sample (101 ) can be held by bringing 

the or each said one contact portion (132a, 162a) 00 
or plurality of contact portions into contact with the 
sample (101). 

10. Apparatus according to either of claims 1 or 2, 
wherein at least one of said pair of holding portions 35 
(138, 168) has a contact portion (138a : 168a) 
adapted to come into contact with a peripheral por- 
tion of the sample (101), whereby the sample (101 ) 

is held by bringing the or each said contact portion 
(138a. 168a) into contact with the sample (101). *o 

11. Apparatus according to claim 10, wherein the or 
each said contact portion (1 36a, 168a) can contact 
the whole peripheral portion of the sample (101). 

45 

12. A support apparatus (1120, 1150) for supporting a 
sample, for use in a separating apparatus (1000) 
for separating a plate-like sample (101) having an 
internal fragile layer (101b), at the fragile layer, 
(101b), said support apparatus comprising: so 

a pair of holding portions (1 1 20, 11 50) for sand- 
wiching and holding the sample (101), 
wherein said pair of holding portions is adapted 
to allow the sample to warp as the sample is 55 
divided into two parts by a pressure of the fluid 
ejected from a jet unit (102) arranged in said 
separating apparatus and injected into the 



sample (101) and simultaneously limit a warp 
amount. 

13. Apparatus according to claim 12, wherein at least 
one of said pair of holding portions (11 20, 1 1 50) has 
a smooth convex support surface (1120a ? 1150a), 
and the sample (101) is held by the or each said 
support surface (1120a, 1150a). 

14. Apparatus according to claim 13, wherein the or 
each said support surface (1120a, 1150a) substan- 
tially comprises part of a spherical surface. 

15. Apparatus according to claim 13, wherein the or 
each said support surface (1120a, 11 50a) compris- 
es a surface formed by a cone with a convex vertex. 

16. The apparatus according to claim 13, wherein the 
or each said support surface (1122a, 1152a) sub- 
stantially comprises a surface formed by a frustum 
of a cone. 

17. Apparatus according to claim 13, wherein the or 
each said support surface (1123a, 1153a) compris- 
es a smooth convex surface formed by a stack of 
several frustums. 

18. Apparatus according to claim 13, wherein the or 
each said support surface (1124a, 1154a) compris- 
es a convex surface formed by a stack of several 
columns. 

19. Apparatus according to claim 12, wherein at least 
one of said pair of holding portions (1 1 25. 11 55) in- 
cludes an elastic member (11 25b, 1155b) and de- 
forms due to a force inflicted by the sample (101). 

20. Apparatus according to claim 12, wherein at least 
one of said holding portions (1125, 1155) has a sup- 
port portion (1 1 25b, 1 1 55b) partially consisting of an 
elastic material, whereby the sample (101) can be 
held by the or each said support portion (1125b, 
1155b). 

21. Apparatus according to claim 12, wherein at least 
one of said holding portions (1125, 1155) has an 
elastic member (1125b, 1155b) located to contact 
the sample. 

22. Apparatus according to claim 12, wherein at least 
one of said holding portions (1 1 26, 11 56) has an an- 
nular support portion (1126b, 1156b) consisting of 
an elastic member. 

23. Apparatus according to claim 12, wherein at least 
one of said holding portions (1128, 11 58) has a sup- 
port portion (1128c, 1158c) coupled to a main body 
(1129a, 1158a) thereof by an elastic member 
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(1128b, 1158b). 

24. Apparatus according to any preceding claim, further 
comprising a rotary mechanism (110) for rotating 
said holding portion (1120, 1150) about a shaft per- 
pendicular to a surface of the sample (101 ). 

25. Apparatus according to any preceding claim, further 
comprising an adjustment mechanism (112) for ad- 
justing an interval between said pair of holding por- 
tions (1120, 1150). 

26. Apparatus according to claim 25, wherein said ad- 
justment mechanism (112) is adapted to press the 
sample (101) to adjust the interval between said 
pair of holding portions (1120,1150). 

27. Apparatus according to claim 25, wherein said ad- 
justment mechanism ( 1 1 2) is adapted to maintain a 
substantially constant interval between said pair of 
holding portions (1120, 1150). 

28. Apparatus according to any preceding claim, 
wherein each of said pair of holding portions (1 1 20, 
1 1 50) has a chuck mechanism (1181,11 82) tor vac- 
uum-chucking the sample (101). 

29. The apparatus according to any preceding claim to 
28, adapted to hold a sample ( 1 01 ) which compris- 
es a substrate having a porous layer as the fragile 
layer (101b). 

30. A separating apparatus (1 00) for separating a plate- 
like sample (101) having an internal fragile layer 
(101b), at the fragile layer (101b), said separating 
apparatus comprising: 

a jet unit (102) for ejecting a fluid towards the 
sample (101 ); and 

a support apparatus (120,150) for supporting 
the sample in the path of said fluid, which sup- 
port apparatus is as claimed in any of claims 1 
to 29. 

31. A method of separating a plate-like sample (101) 
having an internal fragile layer (101b), at the fragile 
layer (101b), comprising steps of : 

transferring the sample (101) to the separating 

apparatus (1000) of claim 30; 

separating the sample (101) at the fragile layer 

(101b) by said separating apparatus (1000); 

and 

receiving the separated samples from said sep- 
arating apparatus (1000). 

32. The method according to claim 31 , wherein water 
is used as the fluid ejected from said jet unit (102). 



33. A method of separating a substrate at a porous lay- 
er (12), the substrate being formed by bonding a 
non-porous layer (13, 15) side of a first substrate 
(10), in which the porous layer (12) and the non- 
5 porous layer (13, 15) are sequentially formed on 
one surface, to a second substrate (20), wherein 

said separating apparatus (1000) of claim 30 
is used to perform the separation. 

10 34. A substrate manufacturing method comprising 
steps of: 

bonding a non-porous layer (13, 15) side of a 
first substrate (10), in which a porous layer (12) 
is and the non-porous layer (1 3, 15) are sequen- 

tially formed on one surface, to a second sub- 
strate (20): and 

separating the bonded substrates at the porous 
layer (12), 

20 wherein said separating apparatus (1000) ol 

claim 30 is used in the separation step. 

35. A separating apparatus (2000) for separating a 
plate-like sample (101), said separating apparatus 
25 comprising: 

a jet unit (102) for ejecting a fluid to the sample 
(101) for separating the sample (101): and 
first and second holding portions (2120 ; 2130) 
oo for sandwiching and holding the sample (101), 

wherein said first and second holding portions 
(21 20, 21 30) have holding surfaces with differ- 
ent shapes. 

35 36. Apparatus according to claim 35, wherein said first 
holding portion (21 20) is arranged to hold one sur- 
face of the sample (101) to make a deflection 
amount of the one surface due to a pressure of the 
fluid injected into the sample (101) relatively small, 
40 and said second holding portion (21 30) is arranged 
to hold the other surface of the sample (101) to 
make a deflection amount of the other surface due 
to the pressure of the fluid relatively large. 

45 37. Apparatus according to claim 35, wherein said first 
holding portion (21 20) is arranged to hold one sur- 
face of the sample (101 ) to prevent the one surface 
from deflecting under the pressure of fluid injected 
into the sample (101), and said second holding por- 
50 tion (21 30) is arranged to hold the other surface of 
the sample (101) to permit the other surface to de- 
flect under the pressure of the fluid. 

38. Apparatus according to any one or claims 35 to 37, 
55 wherein the holding surface of said first holding por- 
tion (2120) and the holding surface of said second 
holding portion (2130) have different areas. 
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39. Apparatus according to any one of claims 35 to 38, 
wherein said first holding portion (2120) has a hold- 
ing surface for wholly holding one surface of the 
sample (101), and said second holding portion 

(2130) has a holding surface for partially holding the 
other surface of the sample (101 ). 

40. Apparatus according to any one of claims 35 to 39, 
wherein the holding surface of said first holding por- 
tion (2120) comprises aflat surface. 

41. Apparatus according to any one of claims 35 to 39, 
wherein the holding surface of said first holding por- 
tion (2120) comprises a curved surface. 

42. Apparatus according to any one of claims 35 to 41 ; 
wherein the holding surface of said second holding 
portion (2130) is annular. 

43. Apparatus according to any one of claims 35 to 41 , 
wherein said second holding portion (2132) has a 
plurality of projecting members (2132a) : whereby 
the sample (101) can be held by the tips of said plu- 
rality of projecting members (21 32a). 

44. Apparatus according to any one of claims 35 to 41 , 
wherein said second holding portion (2131) has a 
shape allowing the sample (1 01 ) to deflect while ex- 
panding at a central portion on a side of said second 
holding portion (2131) due to the pressure of the 
fluid injected into the sample (101). 

45. Apparatus according to any one of claims 35 to 41 , 
wherein said second holding portion (2131) has a 
shape allowing the sample (1 01 ) to deflect and cor- 
rugate on a side of said second holding portion 

(2131 ) due to the pressure of fluid injected into the 
sample (101 ). 

46. The apparatus according to any one of claims 35 to 
45 : further comprising a rotary mechanism (110) for 
rotating at least one of said first and second holding 
portions (2120, 2130) about a shaft perpendicular 
to the holding surface to rotate the sample (101). 

47. Apparatus according to any one of claims 35 to 46, 
for separating a sample (101) which comprises a 
substrate formed by bonding first and second sub- 
strates (10, 20), the first and second substrates (10, 
20) having different strengths. 

48. A method of separating a plate-like sample (101), 
which method comprises: 

holding the sample (101) by sandwiching the 
sample (101) between a pair of holding portions 
(2120, 21 30) having holding surfaces with different 
shapes, and ejecting a fluid to a predetermined po- 
sition in a direction of thickness of the sample (1 01), 



thereby separating the sample (101). 

49. The method according to claim 48 : wherein the 
sample (101 ) to be separated has an internal fragile 

s layer (101b), and in separating the sample (101), 

the fluid is ejected towards the fragile layer (101b). 

50. A method of separating a plate-like sample (101) 
having an internal fragile layer (101b), at the fragile 

io layer, which method comprises: 

a separation step of ejecting a fluid towards the 
fragile layer (101 b) of the sample (101) to sep- 
arate the sample (101), 

75 wherein in the separation step, one surface of 

the sample (101) is held to make a deflection 
amount due to a pressure of the fluid injected 
into the sample (101) relatively small and the 
other surlace of the sample (101) is held to 

20 make a deflection amount due to the pressure 

of the fluid injected into the sample (101) rela- 
tively large. 

51. A method of separating a plate-like sample (101) 
25 having an internal fragile layer (101 b).. at the fragile 

layer which method comprises: 

a separation step of ejecting a fluid towards the 
fragile layer (101 b) of the sample (101 ), to sep- 

oo arate the sample (101), 

wherein in the separation step, one surface of 
the sample (101) is held to limit deflection due 
to a pressure of the fluid injected into the sam- 
ple (101) and the other surface of the sample 

35 (1 01 ) is held to allow deflection due to the pres- 

sure of the fluid injected into the sample (101 ). 

52. The method according to any one of claims 48 to 
51, further comprising rotating the sample (101) 

40 about a shaft perpendicular to a major surface of 
the sample (101 ) in separating the sample (101 ) by 
the fluid. 

53. The method according to any one of claims 48 to 
45 52, wherein the samp.le (101 ) to be processed com- 
prises a sample formed by bonding first and second 
substrates (10, 20), and the first and second sub- 
strates (10, 20) having different strengths. 

50 54. A method of separating a composite substrate (101) 
which has a fragile layer (101b) between a first sub- 
strate (10) having a relatively low strength for de- 
flection and a second substrate (20) having a rela- 
tively high strength for deflection, at the fragile layer 

55 (101b), characterised by comprising: 

a separation step of ejecting a fluid towards the 
fragile layer (101b) to separate the composite 
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substrate (101), 

wherein in the separation step, the first sub- 
strate (10) is held to make a deflection amount 
due to a pressure of the fluid injected into the 
composite substrate (101) relatively small and 
the second substrate (20) is held to make a de- 
flection amount due to the pressure of the fluid 
injected into the composite substrate (101) rel- 
atively large. 

55. A method of separating a composite substrate (101) 
which has a fragile layer (101b) between a first sub- 
strate (10) having a relatively low strength for de- 
flection and a second substrate (20) having a rela- 
tively high strength for deflection, at the fragile layer 
(101b) : which method comprises: 

a separation step of ejecting a fluid towards the 
fragile layer (101b) to separate the composite 
substrate (101).. 

wherein in the separation step, the first sub- 
strate (10) is held to limit deflection due to a 
pressure of the fluid injected into the composite 
substrate (101) and the second substrate (20) 
is held to allow deflection due to the pressure 
of the fluid injected into the composite substrate 
(101). 



to separate the sample (101), comprising a pair of 
holding portions whose holding surfaces for holding 
the sample (101) have different shapes. 
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56. A substrate manufacturing method comprising 
steps of: 



30 



bonding a non-porous layer (13,15) side of a 
first substrate (10), in which a porous layer (12) 
and the non-porous layer (13,15) are sequen- 
tially formed on one surface, to a second sub- 
strate (20); and 

separating the bonded substrates at the porous 
layer (12), 

wherein said separating apparatus (2000) of 
any one of claims 35 to 47 is used in the sepa- 
ration step. 
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57. A substrate manufacturing method comprising: 

bonding a non-porous layer (13,15) side of a 
first substrate (10), in which a porous layer (12) 
and the non-porous layer (13, 15) are sequen- 
tially formed on one surface, to a second sub- 
strate (20); and 

separating the bonded substrates at the porous 
layer (12), 

wherein the separation step is executed for per- 
forming the method of any one of claims 48 to 
52. 

58. A holding apparatus (21 20, 2 1 30) for holding a sam- 
ple (1 01 ) in ejecting a fluid to a predetermined po- 
sition in a direction of thickness of the sample (101) 
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